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Each impeller above is made of Worthite, 
an austenitic chromium-nickel-molybde- 
num stainless steel. Each was selected for 
its corrosion and abrasive resistance to the 
fluid being pumped. Each was in a pump 
correctly selected for the hydraulic prob- 
lem to be faced. But each wore out long 
before necessary. Can you tell why by 
looking at the impellers? 

In figure No. 1, the impeller handled 
lime mud in a paper mill. The deep gouges 
are caused by large chunks of lime. The 
feathered edges are caused by churning in 
the mud at start-up and when the suction 
tank was almost empty. Agitation of the 
liquid in the suction tank and by-passing 
solved the problem. 

In figure No. 2, the Worthite impeller 
handled 65% potash slurry from the bot- 
tom of a thickener. It lasted 3 months. 
The percentage of solids was too high and 
the pump was operating at too high a 
capacity. By operating nearer the maxi- 
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mum efficiency and with a slight reduction 
in solids, the life of the impeller was more 
than doubled. 

In figure No. 3, the impeller handled 
fine (48 mesh) potash slurry with some 
sharp sand. The pump flow was controlled 
by throttling the suction. By eliminating 
throttling of suction and installing a by- 
pass, impeller life was increased from one 
to about four years. 

In figure No. 4, the pump delivered 50 °% 
by weight slurry to a plate and frame filter 
press. As the filter filled up, the pump 
operated back toward shut-off, causing 
wear on the outer third of the impeller 
vanes. The solution was to shut the pump 
down when adequate filter cake had been 
built up, but before the pump began to 
operate against shut-off. Impeller life in- 
creased three times. 

Now, why did the impellers wear out 
long before necessary? It wasn’t impeller 
material or pump selection. It was the 


PUMP DETECTIVE ARE YOU? 


system on which the pump was used 
Seemingly small factors in installation or 
operation prevented achieving the full 
economy promised by Worthite in han 
dling corrosive-abrasive fluids. 

At Worthington we have been through 
these and virtually every other pumping 
problem. With the answers we've accu- 
mulated, we can help you avoid similar 
situations. For this help, contact your 
Worthington distributor listed in the yel- 
lov pages. Or write Worthington Corpora- 
tion, Section 20-22, Harrison, N. J. 


WORTHINGTON 
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FEATURED: 
WHEN EXPANDABLE BUSHINGS ARE THE ANSWER .. . E Nord 


With other advantages they provide zero clearance, positive drive 


BONDED COATINGS LUBRICATE METAL PARTS . . . A DiSapio 
Latest performance data emphasizes newer high-temperature types 


BETTER ACCELEROMETERS NOW AVAILABLE R Cohen 
And they are useful for a wide variety of test and service jobs 


LATEST TECHNIQUE IN CAMERA-MADE DRAWINGS G O F Johnson 


Two important improvements add to advantages of photodrawing method 


LANCED METAL ELIMINATES SEPARATE FASTENERS 
15 applications for sheetmetal tabs, ears and lugs 


F Strasser 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


High-temperature fiber readied for new jobs 
These alloys start off good, end up better 
Epoxy-silicone rubbers vulcanize at room temperature 


This optical shutter is based on dimensional change 
Tachometer senses speed without contact 
Power source for space: nuclear reactor mercury turbine 
Miniature inertia switch responds in 0.015 sec 


Tank gage measures problem liquids 


Better circuit components promised by new laminates 
Cerium sulfide: ultrahigh-temperature semiconductor? 
Near-zero failure rate for resistors 


Disengaging drive protects drill-head 
Sliding pins are heart of mechanical memory 


Chemicals that change color may collect data 
Tests pave way for tougher plastic: 
Tires tested at NBS for wea: 


Mouse vs man—and cheetah: the speed of creatures 
Energy-conversion research undertaken by ARPA 
Swiss machine tools designed for small-lot production 
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Economical, reflective Armco ALUMINIZED STEEL 
gives multiple benefits in new infrared heater 


ELEMENT COVER 


COMPLETE UNIT 


a 
+ 


This new self-contained infrared heating unit heats 
quickly and uniformly, requires minimum maintenance, 
remains permanently strong— yet is built at reasonable 
cost. The reason: nearly everything except the glass is 


fabricated from Armco ALUMINIZED STEEL Type 1. 


Add these features to your products 


1. Heat reflectivity— ALUMINIZED STEEL bounces back 


about 80 per cent of radiant heat that meets it. 

2. Strength — Because they are steel-strong, units re- 
main rigid at operating temperatures even when they 
are made from lighter gages than are required with softer 
heat-reflective metals 
3. Rust-resistance—A special aluminum coating that 


guards against corrosion. 


4. Reasonable cost—Light-gage strength means 


This new self-contained infrared heating unit is used for dryir 
ring, and preheating. The heating element is tempered glass 
th an electrically-conductive film. The long-wave-length heat given 
reactiy absorbed by materials all colors. All major met 


yr, frame, tern losure and element covers—are n 








ELEMENT COVER 
TERMINAL ENCLOSURE 


REFLECTOR 


terial savings; elimination of painting speeds production 
and lowers costs 

Investigate the unique advantages of this material for 
your products today. Just call the nearest Armco Sales 


Office or fill in and mail the coupon. 


ARMCO STEEL CORPORATION 
2620 Curtis Street 
Middletown, Ohio 


Send me the catalog, Armco Atuminizeo Steet Type 1. 
Name Title 
Firm 


Street 


ARMCO STEEL 





Armco Division + Sheffield Division * The National Supply Company + Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 
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Another Champ from Goteborg 
Goteborg, Sweden recently gained f 
P began son It was also the « rlv | e of one of Sweder 
, Ue Comr : chemists, Karl Wilh ; 


yan dam 
: entury when theor mcerning 


raightened : . 
os — he . of a recent heavyweigl cing champion, Inger 


} 


t was discoy 
matter and the detn n of clements we 
greyhoune . 
Scheele worked in the back of his small apothecary shop 
traighten its tal . 
, His onlv source of income was his store, and most of h 


ing dog with <«-:.~ : 
prohts were turned into equipment for his experiments 


ICT 


like a boat | aes ° 
he never had money to travel to the cities where he could 


ruddet 
oie : meet others studying in his field. This prevented many of 
iimost im I 
his discoveries from becoming known 
Scheele’s notebooks show that he discovered chlorine 
tudying the speed of animals have come uj ‘ 
: ; ind oxygen before Priestley, but he published his finding 
rather interesting facts For example, it ha 
1 that ¢] 4 ket % too late and never received credit He was an unknown 
ved that the American pocket-gopher’s hind 
I 5° ind letters he sent to learned societies remained 


; 


ire about the same length. This enables ' 
C sam 15 — a holed for long periods; often they were forgotten 


run backwards as readily as it runs forwards. Sin 
. . Among his discoveries were glycerin and uw 
the gopher spends most of his time cavorting within | 
. process for purifying and isolating organic a 


underground tunnels, seeing where it’s going 
constant use 
} 


racing backwards might appear to be a problem. Not lor years the element molybdenum h 
he gopher has a very sensitive tail, which bend } 
‘ with graphite. Both are black and have 
downwards and warns of any obstructions P and 
' , +d abe aa ; qualities (see article o we 48). Scheel 
lists have spent a good deal o ime clocking th } 
t 5 “ etsy eas show that graphite 1 form of carl 
inimals. Since accelerometers, like those men mes from the ore molybdenit 
22 . comes ( e ore olybdenite. 
mm page 54, are not available for animals, a stop Or € Scheele’ 
, 1¢€ OF ocheecie § Most 
1 and a measured distance must suffice. Here is a ail f Pru a hike aes 
. . 2 sSTUCICS O SSlan Dilkt ) nong 
per hour of some peak speeds b the preparation of hydrocyanic acid. In hi 


Greyhound 10 Elephant describes in detail the acid’s odor, peculiar 
35 t gives in the mouth.” How 


Rabbit 35 Man warm sensation it give 
Deer t ime was mentioned about i high toxicit 
Giraffe 32 Pig | have led a charmed 


Rhinoceros 8 Mou discovery of pru 








NEXT WEEK IN PRODUCT ENGINEERING 


Which Heat Protector for the Motor? 
Here, for the first time, are all factors affecting response and accuracy of 
thermal-protection systems 


Belleville Springs for Constant Braking Power 


In this new configuration, braking force is unaffected when lining wears. The 





springs also permit lighter construction, avoid overheating 


Quick Calculations for Corrugation Stiffness 
Equations and graph find moment of inertia and location of neutral axis for a 


wide range of cross-sections 
Dimensional Stability in Precise Parts 
To retain accuracy in mechanical parts you must know how metal properties are 
changed by service stress and temperature 
How Are Our Engineering Schools Meeting the Challenge? 
Dr Gordon S. Brown, Dean of Engineering at MIT; gives Product Engnieering 


his point of view 
Data on Human Engineering 


What's available and where to get it. A bibliography of the more generally 


useful and significant printed information 
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An example of Avisco Rayons in Industry 


Why rayon fibers are rapidly gaining 
in filtration applications 


Avisco rayon fibers have been making giant strides in 
filters for smoke, air and liquid filtration. Why? 
Because they can be engineered to meet specific fil- 
tration needs . . . plus low cost and filtration control 


QUICK REPLY COUPON 


American Viscose Corporation 
350 Fifth Avenue, New York 1, N.Y 


Please contact me about Avisco Fibers for filtratior 
Avisco rayon can be produced in accurate diameters 
resulting in controlled micron ratings economically eer 
unapproached by other fibers Name ______. 


Company name 


American Viscose makes the fibers, not the filters. If 
you make or use filters, it will pay you to investigate Address 
Avisco fibers for more accurate, more economical fil- 

tration. Just fill in the Quick Reply Coupon. 


AMERICAN VISCOSE CORPORATION, 350 Fiftt 
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Better circuit components promised by new laminates 


} 


s ' 
Clean-punching phenolic laminates, free of such difficulties 


have been produced experimentally at the We 
; : 
be of 1 rest as base material 


New compound to improve paints and papers 


A water-soluble vith ex 
now under test at the Tennessee |} 


sodium cellulose acetate sulfate, it’s headed r application 
is emulsion paint I ts, textile and paper sizes, and 
form, it’s strong, flexible, nonflammable and _ oilproof, 


property Eastman Chem emphasiz that it’s st 


ready for commer 


High-temperature fiber readied for new jobs 


Unusually high surfa rea 


| acoustical 














; 


] ] 
irized 
f 100 micros 


1 SUUU-V sour 


GLASS PLATE serves as shutter in new 
optical device that uses a polarized light 
source, with piezoelectric ceramics as 


nued operating means 
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THE BELLOWS 
AIR MOTOR 


5 BORE SIZES 


BUILT-IN 


SPEED CONTROLS 


CHOICE OF 6 TYPES OF 
BUILT-IN VALVES 


THE ONLY AIR CYLINDER WITH A CHOICE OF BUILT-IN VALVES 


In designing for air operation, the engineer 
can choose the method of valving he prefers 
and still have all the advantages of integral 
valve and cylinder construction. 


Six different built-in valve arrangements give 
the engineer every latitude in pneumatic 
design 


If he prefers to use 8-12 volt electrical control 
with its simplified wiring, Bellows has it. If 
he prefers to use 115 volt control and JIC 
standards, Bellows has it. If he requires low 
or high voltage explosion-proof control, Bellows 
has it. Should his design require full pneu- 
matic control, Bellows has it. Or should he 


WRITE FOR THIS BULLETIN TODAY! 


Four-color, 20-page bulletin describes 
the complete line of Bellows Air 
Motors. Free on request. Address 
Dept. PE-960 Bellows-Valvair, 
Akron 9, Ohio 


wish to control his pneumatic circuits manually 
or through mechanical linkage or cams, 
Bellows has it. 


Unlike conventional air cylinders which require 
separate remote directional and speed control 
valves and dual piping, the Bellows Air Motor 
is a complete power unit with directional valve 
and dual speed control valves built-in as an 
integral part of the unit. Only one air connec- 
tion, which can be made with flexible hose 
1S required. 


Integral valve and cylinder construction means 
quick response, more POSITIVE response, mort 
precise control and more economical operation 


The Bellows Air Motor is made in five bor« 
sizes: 144”, 13%4”, 24a”, 35%”. and 4%”. and 
in any stroke length. 


Bellows -\/alvair 


The Bellows Co. + Valvair Corp. Akron 9, Ohio 
DIVISIONS OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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Better extrusions promised by improved forming 
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WHAT'S HAPPENING IN RESEARCH... 


Tests pave the way 
for tougher plastics 


What makes some plasti impact 
sistant, while others are no 
l’'rom Case Institute come new ideas 
that may provide the answer 
Data have been collected on shear 
modulus and damping as a function 
rature change for a number 
ind electron microscopt 
tions have been made of fra 


Research boom in 
heat-resistant polymers 
| ; > ; 


THe i 


searchers from many laboratories ar 


eporting real progress in the right 


direction 
Institute ot I< h 


nology comes a report by Robert R 


From Carnegic« 


Holmes on a new route to phosphoru 


nitrogen compounds that opens th 


way for polymers “tha 


t mat posses 


properties more desirable than thos 
ybtainable by present methods 
Still in progress, too, are many 


studies of boron and fluorine com 
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Cerium sulfide: Ultrahigh- 
temp semiconductor? 
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Alloys that change 
as they work 
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Cisco Tues Srert 
ie  MAWAL BRASS CLAD 
fo 2%" STEEL: 

625 4.45 


8 


Hydraulic Pressure tests on Bridgeport Brass Company’s patented cladding system show perfect 
no-leak bonds over 3000 psi. 


... Bridgeport Brass Uses EASY-FLO 45 to Bond Their Clad Metals 


The “thick and thin” of cladding 


) 


from .010 to 
in a combination of ferrous and non 
ferrous metals—calls for a bonding agent that 
will hold under the most severe forming and 
service operations. The answer, in every respect, 

is Handy and Harman’s silver brazing alloy, 
EASY-FLO 45. 

The uses to which these clad metals are put 
range from the kitchen to powel! plants, refin- 
eries, chemical and food-processing installations. Famous 
Bridgeport Copperware, used by housewives throughout the 
country, is made from a triple-clad metal consisting of a sand- 
wich of two sheets of .010 stainless steel bonded to both sides 
of a sheet of .025 copper. The metals are joined in Bridge- 
port’s patented process at finish gauge. So strong is the bond 
that no difficulty is encountered in the forming operations 
which follow. 

Tube sheets, though their uses are far from “domestic,” re- 
quire the same “bondability.” Tests at Bridgeport show that 


shear strength exceeds 20,000 psi. And this involves the clad- 
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ding of carbon steel to as many different metals 
as stainless, brass, Monel and « opper 

The primary need here, of course, is strength 

EASY-FLO 45 has other attributes that are 
more than welcome under any metals-joining 
conditions: thermal and electrical conductivity 

gas- and liquid-tightness, ductility, ease of ap 
plic ation and economy are some more that we'd 
like you to know more about. We are ready in 
deed to further acquaint you with the significant benefits of 
silver alloy brazing by sending you our Bulletin 20, which is 
a clear and comprehensive introduction to one of the simplest, 
saving metals-joining methods in existence. Handy & Har 


man, 82 Fulton Street. New York City 38. 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 
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Precision controlled link pitch throughout 
LINK-BELT roller chain means 


equal length... 


equal streng 


How pre-stressing ensures uniform 
load distribution of multiple-width 
LINK-BELT roller chain 


Pre-stressing is one of the reasons why Link- 
Belt multiple-width precision steel roller chains 
easily handle the grueling loads common on 
today’s drives. It seats and cold works the 


chain joint parts, assuring equal load distri- iihniae 
PRE-STRESSING MACHINE 
“ provides the pull that sets 
gation, increased fatigue life : a" the | f Lit 


bution across the chain, minimum initial elon- 


Pre-stressing 1s just one of mat 
that contribute to the ereater dy) 
of Link-Belt roller chain. Others include: close 
heat-treat control, lock-tvpe bushings, shot- 
peened rollers, pitch-hole preparation. For de- 
tails see Book 2 ] 


UNK > BELT 


ROLLER BOOK 2657 

CHAINS , ( 
st | k-B 

CH AI NS 


ROLLER CHAINS AND SPROCKETS 


LINK\-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1 To Serve Industry There Are Link-Bele Plants, Warehouses 
and Stock Carrying Distributors in All Principal Cities. Export Office, New York Australia, Marrickville (Sydney ) 
Scarboro (Toronto 13); South Africa, Springs. Representatives Throughout the World 
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FROM WASHINGTON ... 


ARPA undertakes basic research in energy conversion 


A new program to explore energy conversion has been launched by the Dept of 
Defense’s Advanced Research Projects Agency (ARPA). Dubbed Project Lorraine, 


the program will support basic research—not applied research—in energy conversion 


Ihe purpose is to intensify research into basic processes that now are a mystery 
to engineers and scientists. For instance, they want to discover how plants us¢ 


sunlight to convert one group of chemicals into another 


Right now, boron-doped silicon cells are the best solar cells in use. [lowever, 
ARPA thinks that organic materials such as polynuclear aromatic hydrocarbons 


offer better potential if research can prove them out 


Studies of organic-energy conversion will be the first to be funded by Project 
Lorraine. Details on the program are still being worked out Actual letting of 
the contract will be done thorugh the Air Force’s Cambridge Research Center 
Indications are that ARPA will spend around $200,000 a year on the organic-energy 
research, with several universities getting a slice of the money 

In all, the Lorraine program is expected to fund around 50 projects on a con 
tinuing basis at a total cost of around $5 million a year. [he average contract 
ikely won’t run more than $100,000, however ARPA received the go-ahead on 
Project Lorraine about a month or so ago. It is something that engineers and 

ientists have wanted for some tim¢ I'he reason is that bulk of the effort goings 
into energy conversion has been channeled into morganic approaches 

Working from the organic approach offers wider potentials, many engineers 
claim. Under Project Lorraine, these can be explored, and it will enable universitic 
to train additional engineers and scientists in this freld 

ARPA will work closely with the three military services, the Atomic Energy 
Commission, NASA and the Bureau of Standards. ‘The selection of just which 
projects to support will be done on a joint basis with all agenci In addition 
the RAND Corp has a standing contract with Dept of Defense for this type of 
study and evaluation. Once ARPA decides to fund a program it will be turned over 


to one of the services to administer 


Thermocouples to replace gears in sub refrigeration systems 


Submarines will soon be equipped with refrigeration ms using thermocouple 
(hat’s the Navy's prediction. Noise reduction i 
system, Navy spokesmen say By eliminating al 
ind refrigeration system, Navy will move a notch 


, ] , 
its biggest submarine problems—detection by the enem 


Cost of Navy’s new refrigeration system will run several times the $200,000 or 
so for a conventional submarine refrigeration system, the Na But it won 
reveal actual dollar figures for the thermocouple arrangement ts may 
some when the systems go into pl duct kor one thing, \ 

st of such metals as bismuth 


nent should drop when larger 


Companies such as Westinghouse, York, Carrier and Whirlpool are working on 


the Navy project. Right now, Na t col bu , 1/4 1 


ient as a conventional Freon svstem 


\ working model is slated to be built soon, and Navy s ubma 


juipped with the thermo ruple svstem in the next mpl if vea ) 
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TORRINGTON 
Roll Neck Bearings 
feature: 


Keep tonnage rolling... crburiting grade 


alloy steels 


with Torrington Roll Neck Bearings edvonced heat trectment 


; minimum cross section 
Tonnage rolled per turn and downtime saved—these measure bearing performance in 
metal rolling mills high radial and 
thrust capacity 

Torrington Roll Neck Bearings are designed for top performance under tough condi- 
tions. Maximum capacity and exceptional life expectancy are combined in bearings that resistance to shock loads 
operate efficiently under the severest thrust and radial loads. Torrington’s advanced heat 
precision man 


treating of carburizing-grade steels provides optimum resistance to wear 


Lubricant grooves on cone faces minimize roll neck galling under creep conditions © grooved 


When you choose Torrington Roll Neck Bearings you can be sure they will pay off 
in more steel production at lower cost. More than a quarter century of experience in 
anti-friction bearing engineering for metal rolling mills—makes Torrington quality a 








byword in the industry 





through precision TORRINGTON BEARINGS 
THE TOR RiNGTOWN COMPANY South Bend 21, indiana «¢ Torrington, C 
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ROSSINS & MYERS, InNC., Springfield, Ohio 
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without resilient rings 


with resilient rings 
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Failure Rate Almost Zero 
for New Resistors 
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Explosive Charge Powers 
Missile Gyroscope 
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ile Powder Co to 


Super-cold Refrigerator 
To Aid Cryogenic Studies 
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TO MEASURE POWER LOSS of a tir: 


to a steel drum (D) 


mometel \) 
truck and passenger tires, respec 
plane of tire with plane of drum 

to within 0.1 rpn 
value \l 


ator, has 60-hp capacity at 


speed 
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10-hp capacity at 250 
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Tire Trouble 
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RUBBER HAS PRONOUNCED EFFECT 
Che type of 
no effect on 
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rubber showed lower p 
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When natural was sub 


in either the tr 


This British vertical coordinate drilling machine built by James Archdale & Co 
Ltd, Birmingham, was designed so the worktable is floated on hydrostatic oil 
bearings, eliminating slideway wear, and reducing power I pos v 


Measuring sj 


abiling 


Noise a Problem 
in Spacecraft Design 


VW ASHING TON 


Basic Research Hits $1-Billion Mark 


\WV ASHINGTON 
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STEEL SHAPED TO CUT COSTS AND IMPROVE PRODUCTS 


Bar becomes a ring in 
easy steps, 5 of which 
are shown here... 

(1) circling the piece, 
(2) form for welding, 
(3) flash butt welded, 
(4) rolled to shape, 

(5) sized. 


This earthmover is tougher 


because of steel rims 
made with (iss) Special Sections 


The wheel rim of this rugged earthmover is made from four special stee! sections supplied 
by United States Steel. These are special bar shapes rolled to the approximate cross section 
ind then formed into rings by Firestone Steel Products Company. This process eliminates 
many machining operations, saves steel, prevents large scrap losses and results in fast 
production of a superior product. 

The part illustrated is the gutter section of a tubeless tire rim made by Firestone Steel 
Products Company. Special sections are used also because they result in straighter pieces 
and eliminate lateral camber. They get more uniform contact between this gutter section 
and the locking ring—another USS Special Section. Firestone engineers are convinced 
that steel is the best material they could use that would give the strength and uniform- 
ity needed for this type of rim. 

Why not find out what USS Special Sections can do for you? Write for our free booklet 
illustrating the many intricate shapes already being produced. United States Steel, 525 
William Penn Place, Pittsburgh 30, Pennsylvania. red trademark 


United States Stee! Corporation—Pittsburgh 
Columbia-Geneva Stee!—San Francisco 
Tennessee Coal & jron—Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 
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OVERSEAS REPORT: NEWEST SWISS MACHINE TOOLS BID 


Zuricu— The annual Swiss Industries nd very small parts. It’s report caps attendance, as compared with 


Fair here was dominated by the na that the Chicago exhibit will plac 


( T 


Hannover—the German show gener 


illy is rated as Europe's No | Fai 


part of its emphasis on this held 
2300 Zurich exhibitors ( 2 PI May 30, p 15 the number 
of foreign visitors attending the Swi 


tion machine-tool industry, which 
participates every other year. Stealing Of the 
1 lead on the National Machine-tool more than 1959), over 100 were ma 
Builders Association exhibit in Chi chine-tool manufacturers—and wer bai 
cago, Sep 6-16, the Swiss emphasized ill Swiss because the Fair is not open otal visitors topped 300,000 
i1utomation of manufacturing proc to foreign products Though many —Raymond Shah, 
onsider this limitation severely handi McGraw-Hill World News 


increased by 20 to LU,UUU 


esses in the precision field for small 


MULTISPINDLE DRILLER, BORER, TAPPER is specially 
designed for finish-machining precision parts such as watch 
plates. Designed by Henri Hauser SA of Bienne, unit has 
electric monitor which switches off machine if any one 
of the 20 spindles fail. A signal light indicates defective unit 


PRECISION COORDINATE SPARK-EROSION MACHINE 
ombines optical jig borer and AGIE precision sparking 
workhead. The jig borer, by Societe Genevoise d’Instru 
ments de Physique (SIP) of Geneva, incorporates built-in 
standard scales; readings to 1 micron can be made on 
micrometer dials of the projection screen. Industrial Ele¢ 
tronics Ltd (AGIE) of Losone-Locarno, Switzerland, says 
maximum stock removal is 0.02 cu in./min., roughness of 


machined surface varies between 40 and 60 microns 


TURBINE-BLADE MILLING MACHINE is advanced cd 
pment of hydrocopying unit by Starrfrasmashinen AG 
schacherberg. New unit has 3-spindle milling head 
20°, vertical and transverse hydrocopying dé 
mngitudinal and transverse pickfeed, electrical copy 
niting and membrane feeler heads; 60-in. turbine 
» producible with accuracies of 0.0012 to 0.002 in 


lectric control equipment is housed in separate 
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FOR SMALL-PARTS CUSTOMERS 





PRODUCTION JIG BORER with automatic coordinate positioning 
manufactured by Oerlikon Machine Tool Co (Buehrle & Co), Zurich 
Electronic contro yy Contraves AG of Zur h. automatically positions 
quillhead and table Program data is supplied by decade switches 
punched paper tap ising b-unit code Coordinate locations 

corded as decimal ising a teletypewriter keyboard, Letts 


board ogram othe chine functions 


CAM MILLING MACHINE has work headstock 

through 90 Designed by Schweizerische Indust 

of Neuhausen Rhine Falls, the rotating headstock enable 
cylindrical cam to ichined without ixillary equipment 


specifically designed to meet needs of sm manufactu 
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Japanese Auto Firm Expands 
R & D Programs 
loxyo Toyota Motor ( ha 


losed 1 plan to build 1 research lab in 
Nagoya, Japan. It is being jointly 
hnanced by 10 Toyota divisions to pro 
mote their technical-innovation pro 
grams. Research projects for the $4.2 
million lab will range over a variety of 
technical probk ms including material 
mechanical engineering, engineering 
physics, electrical engineering, chem 
istry and chemical engineering 
Meanwhile, Toyota has announced 
that its auto prod steadily 
McCTcasing l lit uly rit mpan 


turned out 13, cl o 





Evropean-Engineers 
Report Available 
New Yorx—tThe Eu 














Designers think of R/M first for asbestos, rubber, 





R/M CAPABILITY 


develops valve stem packings 


A good example of R/M capability at work is the 
development of valve stem packings for service on 
lines handling superheated steam, hot gases and 
oils. R/M No. 325—made by braiding AAA grade 
Inconel wire inserted asbestos yarns over a plastic 
core—is typical. The core contains pure, long-fiber 
asbestos, graphite and other ingredients. All organic 
materials which tend to carbonize and become a 
solid mass at high temperatures have been elimi- 
nated. This reduces volume loss to a minimum and 
also reduces adjustments. 

An inhibitor—compounded into the packing 
combats corrosion encountered after valves are 
hydrostatically tested and stored. Corrosion re- 
sistors are also incorporated to help give long 
service life. Packings are available with and without 
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for temperatures above 1000°F 


surface graphite. Get more information about R/M 
High-Temperature Valve Stem Packings now 


r 
8 


PACKINGS / = 


loa 
J 


For complete information on R/M High-Temperature Valve Ste 
Packings, write for catalog. Packing Division, Raybestos-Manhattar 
Inc., Passaic, N.J 
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sintered metal, and engineered plastic products 


THE STRENGTH OF STEEL... 
In R/M's Non-Burst BW Steam Hose 


R/M offers a full line of precision-built hose for every steam 
application at saturated pressures to 200 Ibs., 388° F. Strength 
and durability are employed throughout the construction of 
Super Master BW Steam Hose, illustrated above. Two braids 
of high-tensile, multiple end 
plied at a controlled angle over 


non-corrosive steel wire are ap- 
an asbestos-covered inner tube 
of thick steam-resistant rubber for greatest strength with mini- 
mum elongation and contraction, and provide positive protec- 
tion against bursting. Cover ts of special Butyl rubber to resist 


, 


heat and weather. Sizes from % to 2 inches 


The strength of steel, the heat resistance of 
flexibility of rubber, the static dissipating wire, all in Super- 
Master BW Steam Hose the 


made. Write for Bulletin M630 


RUBBER 


full details or 
tan Rubber D 


asbestos, the 


safest high-pressure steam hose 





BOND FAILURES CAN BE PREVENTED! 


Here’s how to stop 13 of them... 





Type of Failure Solution 





THERMOSETTING 
ADHESIVES 


e Cohesive failure Check film with solvent used in adhesive. If 
solvent softens the odhesive film or be 


tacky, this indicates insufficient 


omes 
Make 
sure bond line time and temperature is used 
If metal surfoce hos a white, clea 
ance, check cleaning technique 


e Adhesive failure 
from metal 


Ippeor 


© Adhesive failure Try 
from substrate 
other than metal 


prime coat of diluted adhe 
check compatibility 


e Cellular areas in 
adhesive line 


Increase pressure and/or adhes 





CONTACT ADHESIVES 
—room temperature setting 
e Tacky film if film should dry hord but ren 
cause may be entrapped solv 
tion of plasticizer from one subst 
Shiny areas Poor contact, 
sufficient amount of cement 


insufficient pres 


No bond if heat reactivated type, adhe 
cool at time of assembly or po 
bility 

Failurein adhesive 


from metal 


Improper cleaning 


From substrate 
other than meta! 


Incompatible or unclean surfaces 





HOT MELT 


e No bond incompatibility, adhesive too coc 
assembly. Parts too cool at time of appl 


tion of adhesive 


st time 





EPOXY BASE 
ADHESIVES AND 
CASTING COMPOUNDS 


e High exotherm Mix lower volume and pour mixed material 
into shallow tray. Cool base and activator 
before mixing or use Metermixing equipment 
e Tacky film or improper bose activator ratio, imp 

casting ing of base and activator, improper cure 
Check bond line temperature 


per mix 


Flexible casting or 
film of rigid 
adhesive or 
casting compound 


improper 
improper bose and a 
Check bond line temperature 


mixing of base and 


tivator, improper cure 














Bond failures can be prevented! Kaybest 


experts also have solutions to less common ca 


based on more thar ears expericr 


onded asse 


lers. Why not call on the 


nbilies and the 


srroblems—no cost or obl 


= 
ADHESIVES By ] 


R’'M Bulletin N oo—~!] 
Ray-BOND adhes 
Dep Raybestos-Ma 


RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passe sridgeport, ¢ 


e Manhein Pa.« 


Ind. e« nah. Wis. e Peterb 
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TRENDS IN APPEARANCE DESIGN | 
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Machine base (above) is injection-molded of 


acrylonitrile-butadiene-styrene 


Screw holes 1 


an copolymer 
molded into base eliminate 
jigs and also serve to locate machine in 
sembly Stamped-meta detents assembled 
ecesses (2) molded into sides, permit re 
g machine from base by depressing two 
n exterior of housing. Rectangul 
are xiso «molded in top ne 
numbe visidie from outside f 


ttom rectangle is for fastening moa 


ishbox Molded-in stabilizers 4 


vachine ind) =o base 


thane (6 emente to ¢ase inter 


point C a) base housing 
meet 2nd > jeadens 


ng of side holes for handle, an 
qg of nome and 1demark were 


molder A ) Plastics Inc 
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peller-type mixers ’ either portable 
fixed models for fluid agitatior n the proce 
ndustries; achieve on integrated look becouse 
end-bell (housing fon omplements lines of 
upper section of gear cose, which also serves o 
lower end-bell for motor in its finned housing 
Chuck has been redesigned to provide two 
hand operation: mixer shaft is inserted as far a 
it will go and secured with hex wrench. Portat 
model has position-indexing device on clamp 
socket that permits odjustment of mixer so pr 
peller can be positioned for best flow and 


agitation. Made in sizes ranging from Ve to 


hp, by Mixing Equipment Co Inc, Rochester, NY 








pointers 


Just how stark and severe watch design can get 
is demonstrated by dial-less wrist watch, whose 
face is comprised primarily of rotary dark ond 
light segments on which ore marked ho r and 
minute pointers. Rim of case carries unnum 
bered triangular markings indicating positions : : Though 


of hours, but these are so restrained that this combines 
timepiece may prove little more than o time lamps, | 
estimcting device. Designed by Consul Watch ther 


Factory, La Chaux-de-Fonde, Switzerland 


olarm 

ittochment 
4 ently vsed 
dictating in conjunction with central dictation-equipment nstalle 
completely portable, since it is designed for plug-in connection to any 
17 oz and about 10 in. high. Normol desk position (receive 
puts signal lights within same range ° ormally needed 
monitoring incoming calls without nee f nes head 


another part of desk. Manutacturec der vdustri Akteint 
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THROUGH !... 


Research & Development Division 
break-through in continuous warm forming... 


Thermo-Forged 


The most dramatic innovation in socket screw manufacture in 28 years! 


NOW, at last, after years of intensive research, 
Holo-Krome breaks the warm forming barrier 
with its revolutionary new electronic THERMO- 
FORGED process. 


The first major break-through in socket screw 
manufacture since Holo-Krome pioneered and 
patented Fibro-Forging 28 years ago, Holo- 
Krome’s unique new THERMO-FORGED process is 
the first continuous, high-speed warm forming 
technique to be perfected! 


This revolutionary process pre-conditions the 
metal in patented apparatus for near-perfect 
forging conditions—by creating just-the-right 
ductility for the precise flowing of metals. 


PRODUCT ENGINEERING + SEPTEMBE? 5, 1960 


It gives Holo-Krome complete and continuous 
control and mastery over heat—and at unusually 
high speeds! 

New and far higher standards in quality, pre- 
cision and uniformity are now attained with 
Holo-Krome’s exclusive THERMO-FORGED process. 
This unique process produces socket screws 
near-perfect in structure and of a uniform ac- 
curacy and quality never before possible! 


Thoroughly researched in the laboratory and 
field-tested for more than two years, Holo- 
Krome’s THERMO-FORGED Socket Screws are now 
available to industry through H-K’s nationwide 
corps of authorized industrial distributors. 


HOLO-KROME 


Thermo-Forged’ 
SOCKET SCREWS 


DOUGH A ME 


THE HOLO-KROME SCREW CORPORATION @ HARTFORD 10, CONN. 
eC 
Awyg ash 


ee 


*Trade Mark of The Holo-Krome Screw Corp. 
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Creative Engineers and Education 
lo the Kdit 


small and fine pitch gears 
for precision equipment 


No matter how fine your gear requirements — Perkins can solve your 
problems. Perkins unique custom-gear engineering service, available to 
your engineering staff prior to the blueprint stage, will... eliminate 
production headaches . . . cut excessive costs. This service — recognized 
by leaders in the radar, electronic and missile fields, and backed by 52 
years of custom gear experience — assures the precision quality needed to 
guarantee trouble-free operation. Don’t gamble with gear performance 
... Perkins skilled personnel, 
together with modern up-to- 

8 P my YOURS ON REQUEST 
date equipment guarantees Folder showing cus- 
fast delivery on prototypes aoe genes Perkins has 

i » made (from various 
yr production runs. Call or 
“ P fuctic _ . materials) for aircraft, 
write Perkins for complete automotive, precision 
information on custom-gear instruments, home 
noineering 1; tati appliances, portable 
engineering and a quotation aed mechies tole 
on your requirements. Then and other products. 


judge for yourself. Includes Perkins fa- 
: cilities for producing 


various gear types and 
sizes. Write today. 


RKINS 


MACHINE AND GEAR CO. 


Dept.72 West Springfield, Mass. 
Telephone: REpublic 7-4751 
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Aids for Patent Searchers —— SERVICE 
lo the Editor . ~ a ; 


The artick Pat 
Vein of Free Idea 
excellent Th t 
Public Pat 





Do It Right—the First Time 
lo the Ex In many metals including... 
‘ STAINLESS STEEL 

MONEL « NICHROME 
PHOSPHOR BRONZE 
ALUMINUM 

BRASS « COPPER 


For many uses involving... 
FILTER CLOTH « SIEVES 
STRAINERS « SCREENS 
BACKING CLOTH 

WIRE GUARDS 

BOLTING CLOTH 

SPACE CLOTH 


lf you have a tough corrosion problem and need wire 
cloth or wire cloth parts, here’s a source of supply that 
knows the answers. We are proud of the quality of our 
cloth...accurate mesh count, close tolerance wire di- 
ameter, precision weaving...plus the know-how neces- 
COMING EVENTS ; ee Seernerene ’ 


SEPTEMBER sary to specify the proper alloy for your service 


6-16 


NEWARK 
fet accuracy 


ire Gloth 


COMPANY 


351 Verona Avenue * Newark 4, New Jersey 
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THE VERSATILE ENGINEERING MATERIAL 
THAT POSSESSES MANY UNIQUE AND PRACTICAL 
ADVANTAGES FOR A VARIETY OF APPLICATIONS 


MINIMUM LUBRICATION REQUIRED—Because of 
the controlled porosity and non-melting nature of 
GRAPHITAR, the only lubricant GRAPHITAR 
bearings need is water or other low-viscosity fluid. 
Any such fluid with non-gumming characteristics 
will provide an extremely low coefficient of friction 
and assure long life of the GRAPHITAR parts. 


RESISTANCE TO CHEMICAL ATTACK—GRAPH- 
ITAR has the ability to withstand the action of 
almost any chemical, with the exception of the 
most highly oxidizing re-agents in hot and con- 
centrated form. GRAPHITAR parts, for example, 
operate efficiently in steam, chemical and gas 
valves to provide a corrosion resistant material 
operating under the most adverse conditions. 


MECHANICALLY STRONG — GRAPHITAR will 
not warp or distort even in high pressure applica- 
tions. Compressive strength up to 45,000 psi and 
transverse breaking strength from 3000 to 16,000 
psi, depending on the grade. 


HEAT RESISTANT—GRAPHITAR is not affected 
by heat under neutral or reducing conditions. Tem- 
peratures of oxidation for most grades is approxi- 
mately 700 degrees F. In addition, GRAPHITAR 
engineers have developed a special oxidation 
resistant grade of GRAPHITAR that has been 


THE 


UNITED 


exposed in an oxidizing atmosphere (air) of 1200 
degrees F. and after 200 hours, it showed a weight 
loss of less than six per cent. 


MOLDABLE—GRAPHITAR has excellent molda- 
bility properties that make possible and practical 
unusual shaped parts. Design requirements such 
as ears, face slots, and outside diameter notches 
can easily be incorporated into GRAPHITAR 
parts without secondary machining and finish- 
ing Operations. 


MACHINING—The United States Graphite Com- 
pany operates an excellent finishing department 
to do all finishing operations to the most exacting 
specifications. GRAPHITAR may be ground to 
size or shaped with a tungsten carbide or diamond 
tipped tool to tolerances as close as .0005”. When 
surfaces require a high degree of precision in flat- 
ness, lapping and polishing equipment are em- 
ployed and accuracies within three light bands 
can be produced. 


LIGHT WEIGHT — GRAPHITAR is lighter than 
magnesium and is being employed increasingly in 
the aircraft and missile fields. The weight per unit 
volume of various GRAPHITAR grades is as fol- 
lows: 102.8 to 116.03 pounds per cubic foot, 
0595 to .0672 pounds per cubic inch, .952 to 
1,074 ounces per cubic inch. 


STATES 


GRAPHITAR” carson-crapwite ° GRAMIX” powoer merauurcy * MEXICAN” crapwire prooucts * USG° prusnes 
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GRAPHITAR’S many desirable 


characteristics make it the ideal 
engineering material for such parts 
as rotary seal rings, packing rings, 
pressure joint seals, bearings, 

fluid coupling seals, metal backed 
bearings (Graphitar inserts), piston 
rings, pump liners and vanes. If 
you would like more information 
on GRAPHITAR, the versatile 
engineering material, send for 


Bulletin No. 20 today 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 
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Rotocon 
ASSEMBLERS 
























































©) Build high strength rod, 
tube, and pipe structures in 
minutes . . . for permanent 
or temporary use. 


© Save costly design and 
machining time on precision 
assemblies and fixtures. 


Speed and ease of assembly, superior 
strength, and infinite adjustability! 
Rotocon ideal for 
hundreds of permanent or temporary 


assemblers are 


applications with metal rods, tubes, 
and pipe 

Joint and grip 

Toothed 


paired assemblers 


faces of 
rigid joints 
atevery 10-degree 
increment, includ- 
ing right 
Tight, 
scores, or distorts round stock 


form 


angles. 
all-around grip never burrs, 
won't 
squeeze tubing out of shape. Only a 
screwdriver or a coin is needed to 
tighten the screw in the nesting nut 
Snap-clamp snaps on over existing 
No 


assemblies to 


structures and need to 
apart 
make additions 

Sample offer— Your request on your 


letterhead will bring you a sample kit 


hittings 


take existing 


of Rotocon assemblers, free and post 
hold them 
with 


You have to see them 


ir hand, and experiment 


in your own application situa 


o discover the time and money 


Rotocon Division 
UNISTRUT PRODUCTS COMPANY 


y West Washington Siva CI cago 7 
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1 chemical 
surse, interfere with the normal action of the battery. Or how about ret 
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Alternating plastic strips 
with polarizing planes 
' oriented 90° to each other. 





Have you a problem, based on known scientific principles, which seems to have an answer 


somewhere within the limits of present technology? To inspire inventors along worthwhile 


PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted 


paths 
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DU PONT SYNTHETIC RUBBER MAKES TODAY'S PRODUCTS BETTER... TOMORROW'S PRODUCTS POSSIBLE 


NEOPRENE 
HYPALON® 
VITON* 
ADIPRENE” 


WHEN 
m £08 
NEED 
RESILIENCE... 


NEOPRENE 


RESILIENCE PLUS A BALANCED 
COMBINATION OF PROPERTIES 


Resistant to heat, flame, chemicals, sun- 
light, weathering, ozone, oils, grease and 
abrasion... proved in performance by over 
25 years of successful use in industry. 


HYPALON 


RESILIENCE PLUS WEATHER- 
ABILITY AND COLORABILITY 


Color stable...ozone proof... resistant to 
heat, oils, oxidizing chemicals, sunlight and 
weathering ...exceilent for protective paints 
and fabric coatings 


VITON’ 


RESILIENCE PLUS RESISTANCE 
TO HEAT AND FLUIDS 


Best of all elastomers in its resistance to 
corrosive chemicals, fluids and solvents... 
performs at temperatures over 400° F... 
excellent tensile strength... low compres 
sion set, high modulus... flame-resistant. 


ADIPRENE’L 


RESILIENCE PLUS HIGH LOAD- 
BEARING CAPACITY AND 
ABRASION RESISTANCE 


A liquid polyurethane rubber excellent for 
casting, potting, molding... forms a hard, 
resilient rubber with high load-bearing ca 
pacity, unusual abrasion resistance and out- 
standing low temperature properties. 





Coiled heater cord for small appliances is jack Inflatable dam mac 
long-term flexibility coated nylon is 
river water for 
withstood weather 


eted with neoprene for 
resistance to heat, food chemicals and cooking 


st cord underwent 500,000 flexing 
cycles without damage debris for two year 


House-size tarpaulin athedral roof with sprayed-on 
keep exterminating Hypalon stay r 

made f nylon al sun, wir 

Hypa not 


Viton O-rings seal bearings in heat exchanger 
k 


S20° F outlast other syntheti 


at 
They resist fatty a 


Adiprene L can be 


betweer tion with epoxy re 
and the harder ¢ ating electri 
L np protect deli 
meric materia whe has exceller 


damping properti« are 


DU PONT SYNTHETIC RUBBER MAKES TODAY'S PRODUCTS BETTER... 
TOMORROW'S PRODUCTS POSSIBLE 
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The 
Du Pont 
Elastomers 


DO YOU HAVE THESE DU PONT DESIGN AIDS? 


Gives 


EN 


cif 


RING GUIDE TO THE DUPONT ELASTOMERS 


and applications of Du Pont elastomers plus 


Nct 


properties 


you spe 
comparative 
data on various other synthetic rubbers, chemical resistance tables, et 
A techn fluid and 
Contains data 


al report on the 


N TRIAL REPORT ON VITON 


temperature resistance of Du Pont's new fluoroelastomer 


on the performance of Viton in contact with 160 commercial fluid 


DEVELOPMENT 


limitatior of 


NOTES ON ADIPRENE® L — Discusses 
Du Pont’s 


hemi 


advantages and 


ompounds made from new liquid urethane 


astomer. Includes data on physical, al and electrical propertie 
THE ELASTOMERS NOTEBOOK 


you information 


rubbers in all 


A periodical published bi-monthly to bring 


on the successful application of Du Pont syntheti 


phases of industr Subscriptions free on request 
y 


NT TECHNICAL SERVICE 


involving 


Du Pont synthetic rubber specialists, with 


experience all major industries, will gladly work with your 


supplier to develop elastomer products to fit your needs 


For further information on Du Pont synthetic rubber or for any of the 


above Design Aids, contact 


E. | 
Elastomer Chemicals Department 39 


du Pont de Nemours & Co. (inc.) 


Wilmington 98, Delaware 


DISTRICT OFFICES 

AKRON 8, Ohio. 40 E. Buchtel Ave. at High St. 
ATLANTA 3, Ga. 1261 Spring Street, N. W. 
BOSTON 10, Mass. 140 Federal Street 
CHARLOTTE 1,N.C.. 427 W. Fourth Street 
CHICAGO 3, Ill. . 7 S. Dearborn Street 
DETROIT 35, Mich. . 13000 W. Seven Mile Road 
HOUSTON 6, Texas. 2601A West Grove Lane 
LOS ANGELES 58, Calif. 2930 E. 44th Street 
PALO ALTO, Calif. 701 Welch Road 
TRENTON 8,N. J. . 1750 N. Olden Avenue 


Du Pont of Canada, Limited 
MONTREAL 
TORONTO 


P. 0. Box 660 
85 Eglinton Ave., East 


Send overseas inquiries to: 





E. |. du Pont de Nemours & Co. (Inc.) 
Elastomer Chemicals Department, Export Div. 
Wilmington 98, Delaware 


Better Things for Better Living . . . through Chemistry 


SYNTHETIC RUBBER 


NEOPRENE HYPALON® VITON® ADIPRENE® 





Best Way to 


STOP 


a Heavyweight 
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r <r PARKERSBURG 


hydrotarden. 


The Hydrotarder “soaks up” the runaway energy of “heavy- 
weight” loads, providing smoothly regulated speed control 
independent of the regular brakes, allowing them to remain 
cool and at peak efficiency. 

The list of specific applications for the Parkersburg Hydro- 
tarder is growing daily. Any equipment which generates a sur- 
plus amount of energy on descent can profit from the smooth, 
fluid power absorption of the Hydrotarder. 

See your Parkersburg dealer, or write Bill Kott, P. O. Box 
573, Coffeyville, Kansas, for full information and custom- 
planned application data on the Hydrotarder. 



































RKERSBURG 


RIG & REEL COMPANY 


Division of Parkersburg-Aetna Corp 


PARKERSBURG «+ HOUSTON + COFFEYVILLE 


SEE YOUR PARKERSBURG MAN TODAY 
Hetzel Bros., 1457 E. Washington Bivd., Los Angeles 21, Calif. 
Page & Page, 3001 Walnut St., Denver 5, Colo. 
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For machine tool progress... 
Fafnir Super-Precision Ball Bearings 
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When you design for more precision ... more 
speed ... more output-per hour, design with 
FAFNIR Super-Precision Ball Bearings. 
Any type...for any purpose! 


@ FAFNIR 


BALL BEARINGS 
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THREE STEPS to PROFESSIONALISM 


At a Brown University commencement 48 years ago, Louis D. Brandeis 
gave these three characteristics which distinguish a profession 

1. A profession is an occupation for which the necessary preliminary 
training is intellectual in character, involving knowledge and to some 
extent learning, as distinguished from mere skill. 

2. It is an occupation which is pursued largely for others and not merely 
for one’s self. 

3. It is an occupation in which the amount of financial return is not 
the accepted measure of success 

The learned judge further made the point that engineering, even at 
that early date, already ranked “beside law, medicine and theology” as 
a learned profession. His first characteristic eliminates many of the 
licensed “professions” (so-called), like barbering and plumbing. The 
third characteristic was once only too true, but seems now to be adjusting 
itself to some extent, and in a nation in which financial return is too 
often the major criterion of success 

The second characteristic is the sticky one. Engineering, particularly 
design engineering, can be a very impersonal thing. It can, and often 
does, deal with capital-goods items like production machinery, in which 
people are not involved, at least not visibly. And the engineer, by the 
nature of his work, must usually be analytical and objective rather than 
personal and subjective. That’s his job 

It may also be his inclination. He may not be particularly interested 
in people, and there is nothing in much of engineering that forces him 
to be. There is in medicine, law and theology 

At the risk of preaching, I’m reminded of the story of three bricklayers 
who were approached in turn and asked what they were doing 

Said the first: “I’m laying bricks.” 

Said the second: “I’m helping to build a building.’ 

Said the third: “I’m helping to build a church to the greater glory of 
God “ 

Even in bricklaying, there is a great deal in the point of view. There 
can be in engineering, too. The impersonal mechanism will have to be 
operated and maintained by men, and it will form part of an assembly 
that makes something for people. If this subjective side is considered on 
occasion, the job will be easier to do and better done. 

And if Judge Brandeis was right, consideration for people is an essential 
characteristic of true professionalism—perhaps the one we engineers most 
ommonly lack 
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...uunusudl features solve your cylinder probleme 
NeW HANNA Moxrmalion @ CYLINDERS 


Fast Change Cartridge Gland 


on the outside diameter of the tube create the has leak-proof, low-friction rod seal and a rod 
most positive seal possible at all pressures wiper to remove dirt and to provide extra 
from zero to maximum. sealing 


Pressure Safe Tube Seals 


Powrmation é Powrmation 
Rectangular Flange Side Lug 


Rod End Mounting 


One Piece Steel Heads— 


Long Lubricated Bearing 
Welded Steel Mountings 


of close-grained nodular iron with high graphitic con- 


for maximum strength, perfect alignment. . . superior 
to bolted assembly. Mountings carry maximum cyl- 
inder load with ample safety margin. 


tent... one of the finest bearing materials. Rod seal 
on external side of bearing provides automatic bearing 
lubrication by hydraulic fluid or airborne lubricant. 


WRMATION CYLINDERS FOR AIR TO 250 PSI + HY 


All good cylinders have “features” but few have _ tive Seal Block Vee Packings; Chrome Plated 
a combination of really Unusual features that High Strength Steel Rod;—all these together 
assure superior cylinder performance and with Hanna precision manufacturing and 
dependability ... New Hanna Powrmation Cyl- Hanna Field Engineering Service are the rea- 
inders have. The features shown above and _ sons why it will pay you to specify Powrmation 
several others like: Unique, Check-Valve Cush- Cylinders... they meet J.I.C. recommendations 
ions; Low Friction Nodular Iron Pistons; Posi- and have dimensional interchangeability. 








For Top Performance in Hydraulic Pressures 


— 


Write for Catalog 1008 


2000 PSI/3000 PSI Non Shock = or ask Your Hanna 
Representative— 


HANNA POWRDRAULIC | see the Yellow Pages 


Series 2000 CYLINDERS or Sweet's Design 
Bores 1%" thru 8” j Catalog for his name / 








a : 
yd pl) 
«Sl 


HANNA ENGINEERING WORKS 
HYDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS... VALVES 


1763 Elston Avenue Chicago 22, Illinois 
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ENGINEERING 


when EXPANDABLE 
BUSHINGS 
are the answer 


They provide the zero clearance of a 
press fit and the positive drive of a shaft 
spline or key, yet avoid the disadvantages 
of precise tolerances and weakening 
stress concentrations. 

SOLID TAPERED BUSHINGS, made by US Auto- 


matic Corp, provide uniform pressure around the cir ERIC NORD 


cumference; they are used for short bushings US Automatic Corp 
Amherst, Ohio 


PT her ire many wavs to lock a shaft to its 


them, the lesser known method of 
has advantages that often make it best choice. It offe: 
the inherent concentricity, rigidity and torque transmit 
ting ability of a shrink fit the liberal tolerances and 
ease of assembly of a collet-ty mounting. Yet it doc 
not require the close t of the press and shrink 
fits, and also does n 
ind notch weakness« ommonl 
pins and splines 

I'wo types of expat 
ind split Each ha 


fhions 


Ihese bushings rely on el 


material to translate axial f 


Female segments 
Radia! pressure K « 
SS SS SSS ; : , — wae ~ \ 
? <, 5 . | 


; 


e 
al 
. 


, : * ) A } \ \ 
\ oot ; / \ Ly 
4 A \ \ Ney 
\ AV ALY SAGA 
Halt male. Mole segments ———~" Spits are \ Halt female \. 


segment — stoggered segment 


\ 


(left) shows direction of forces. Male segments contract 


SPLIT TAPERED BUSHINGS, made by Adjustable Bush 


ing Co, North Hollywood, Calif, transmit axial force evenly to grip shaft, female 
ploded view (right) shows staggered splits in segments 


segments expand against hub bore. Ex 


between rings and can be used for long bushings. Assembly 
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TORQUE TRANSMITTED decreases at a rate of 
50% per set in mounts where hub is restrained by 
a shaft shoulder. 


SYMBOLS 


T., — Theoretical max torque for n ring sets, in.-lb 
F 4 — Axial force applied after rings are in contact. with 
hub and shaft, Ib 
— Radius of shaft, in. 
—~ Coefficient of friction 
— Friction angle (tan @ = x) 
— Ring angle (16° 40’ used in example) 
~~ Number of ring sets 
, — Radial thrust of first ring set, Ib 
— Compressive stress, psi 
— Shaft diameter, in. 


r 
"7 
6 
a 
n 
P. 
8 
D 


1 
ipproxim iteiy 


first ring set will transmit approximately 50% of the 


0.16, the torque equation shows that the 


theoretical torque value obtainable with an infinitely larg 


number of ring sets 
F4 r 
9» 


T max = 


4 BASIC HUB MOUNTS 


When more than one set of rings is used and the hub 
is restrained by a shoulder (as in diagram above), thrust 
force declines by 50% in each successive set when the 
Only the first set is loaded by the full 
This reduction, which results when the ring 


grip the shaft and hub, makes it advisable to limit the num 


nut is tightened 
ixial force 


ber of ring sets. Type 1, above right, is a more usual design 

When the hub is not restrained by a shoulder, as in 
‘ype 2, thrust force acts from both sides when the nut 
is tightened. Each set transmits 50% of the theoretical 
maximum torque 

here are two other basic designs: Type 3, which has 
the same loading as Type 2, but with no axial shift of the 
hub; and Type 4, with same loading as Type 1, but it 
has four ring sets instead of two 


42 


FOUR BASIC 


WW WAN) 


bear —— oer 


TYPE 1—Shaft shoulder restrains hub 
during tightening; ring set at left 
of spacer transmits only half as much 
torque as set at right. 


Our nomograph, right, based on these 4 types, gives 
axial load necessary to produce a given torque For ex 
ample, a l-in. shaft that must transmit 3 hp, or 630 Ib-in., 
requires an axial force of approximately 3000 lb in a 
ype 1 mounting. Types 2 and 3 would require 2400 Ib; 
ind Type 4, 1500 Ib 

Radial thrust of the first outer ring against the hub is 
given by the equation 

Ps 
x 6) + tan 6 


P, = 


For values of the ring angle and coefficient of friction 


given previously, this equation reduces to 
P 1.56 Ps 
(‘his radial thrust can be used to determine the allow 


ible compressive str 
S 0.477 P,/D* 


For hubs with an outside diameter double the shaft dia, 
contact pressures of 6U 
his working stress should then be divided by 
a suitable safety factor to give the allowable compressive 
stress. For example, a safety factor of 2 gives 8500 psi 
for grade 30 cast iron and 17,000 psi for SAE 1020 steel 


of the working stress is recom 
mended 


SPLIT TAPERED 


(he other version of expandable bushing is one with 
tapered split rings. With this type, the radial forces 
icting along the axis—remain constant. They do, how 
ever, vary along the circumference, ranging from zero at 
the split to a maximum opposite the split. Because of 
the split the bushings are easy to expand and therefore 
can accommodate broad tolerances in hole size 

This type may be split in two, three or four places to 
make easier radial expansion, as well as to facilitate as- 
sembly in applications where the end of the shaft is 


inaccessible, Splits can be staggered, as shown on p 41. 
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MOUNTINGS 


co—~ 


ype Type 3 Type 4 


TYPE 2—Has no shaft shoulder, so TYPE 3—Collet-type mounting; samé« TYPE 4—Collet-type mounting; same 
hub is free to move axially; thus load loading as Type 2, but hub is re- loading as Type 1, but with four ring 
ing is equal in both ring sets strained during tightening sets 


MULTIPLY THIS VALUE BY 
MOUNTING FACTOR 


7 


ype 








Shaft speed, rpm hp - Horsepower 


Torque, in d- Shoft dio 


F, - Axial force required in addition 
to that axial force needed t 
move the rings Through clearances 
ond into contacts with hub and shoft 


FRICTION TORQUE translatec ixial force 


MATERIALS AND FINISHES 


lit if il 


@ Aluminum alloy-2( 
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Outlet 

Three appli 
(A) In flexi 
concentratiol! 
In hoist bra 
compact desi 


tinuous 


f 
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ase wweney 
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a fiateataiaratiaiiiimanaprd 
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Dia NT 


a B 


Three applications for split tapered ance drilled holes nk and yoke 1 
bushings: (A) structural joints, which joints which require relative move plain sleeve bearings can 

are subject to vibrations. Here the ment and frequent removal. The bush cally adjusted for wear by 1 
bushings provide rigidity in loose-tole1 ngs give minimum backlash by ad screw take-up to maintain precise fit 


ss steel and carbon steel are also used for sealing Taper Pins—17 Ways to Retain Them Positively, Nov 11 
57, p 123—Gives diagrams and descriptions of assemblies 
solid tapered bushings where high temperatures as well as I . — - 


pressures ar involved Assembly Methods—an Engineering Roundup, June 


59, p 91—Special report gives sketches and hints 
variety of assembly problem 


EDITOR’S NOTE: For additional information on related 


locking and fastening devices se¢ Insulated Screw Fasteners for Electrical Equipment, Sep 


50, p 106—Shows how to use insulated screw fasteners in 
We Threw Out Press Fits for Bearings, Jan 6 58, p 67 stead of providing insulation for component parts 
Tests on Loctite show that \4-in. shafts can be made 0.003 
in. undersize and still retain a bearing with sufficient force Fastening Gears to Shafts, May 30 '60, p 43—Roundup of 
15 methods, with press-fit requirements and a comparative 
table. 
Test-results Guide High-temperature Design of Bolted 
Assemblies, Sep 30 '57, p 79—Recommends materials for The Use of Tolerance Systems, Feb '56, p 164—Complet« 


bolts and structures for temperatures up to 1300 F description of the ABC system of recommended clearance 
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| PRODUCT DESIGNS 


Disengaging Drive 
Protects Drillhead 


Double-duty worm gear allows input to run 
continuously even though quill drive stops com- 
pletely during each cycle. 


y 


\ 


SHUTTLE LATCH AND FRICTION CLUTCH control Friction clutch doubles as a safety release; any external 
operation of drill-head. When latching block on feed cam obstacle that stops the quill has same effect as latching the 
engages shuttle latch, this cam is brought to an abrupt halt cam. Two extra clutch plates are ground to a tapered pro 
while spindle maintains full speed. Worm gear is no longer file to provide positive clutch disengagement 
able to rotate, so the worm “climbs” the gear, thereby 
rompressing the pressure spring and disengaging the clutch 
plates. This prevents clutch from overheating. 

Drive remains in this condition until plunger is tripped, 
starting another cycle. The shuttle roller rolls off the 
nose of the cam that is keyed to the shuttle shaft. The PS Self-contained drilling ond tapping heed can be 
shuttle slides back, disengaging latch and latching block; mounted horizontally, vertically or at an angle. Each unit hos 
this frees the feed cam and feed gears. Pressure spring individual speed and cam feed-control. Units can be incorpo- 
now pushes worm back, thus applying pressure to clutch rated into production equipment where a drilling operation is 
plates and completing connection to input. Worm then required or supplied with base and indexing fixture for specific 
drives the feed gears, which rotate the feed cam. As cam operations. Drilling Unit models 4 and 16 and Tapping Unit 
rotates, a roller follower actuates the follower segment, models 5 and 17 are produced by Kingsbury Machine Tool 
which is geared to the quill. After one full revolution, the Corp, Keene, NH 
cam is stopped; the latch again engages the latching block 
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Sliding Pins Are Heart of Mechanical Memory 


DrattiNg —m_m. 
rolls 


Positions of the pins on rotating 
memory-disk control the variable-speed 
transmission in this application—a textile 
machine. All-mechanical, the 
memory system offers increased 


reliability at reduced cost. 


Fatler-bor drive 


Control arm 











Clearing 
we 


DRAFTING OPERATION starts when 
sliver stock is fed between a pair of 
nip rolls, one fixed-center, one piv- 
oted. Stock fed to the machine is pulled 
through the rolls, and variations in 
thickness (or weight) are measured by 
displacement of the pivoted roll (250 
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edge 


When 
memory 


lb pressure is maintained between the to the comb-like faller bars 
rollers). A series of levers transmits stock reaches these bars, 
and amplifies movement of the roll to wheel has rotated to the readout sex 
the memory wheel. The variations of tion 4 ball plunger actuates a hy 
stock weight which produce roll mov« draulic servovalve through the control 
ment are recorded on the memory arm and cam, The servo controls a hy 


wheel and stored until the stock moves draulic cylinder connected to the con 
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MEMORY WHEEL is a mechanical dé 

lay circuit that controls action of the 
faller bars. Delay is required to permit 
the stock’s moving from the measuring 


nip rolls to the faller bars. Three opera 


Nip fol. 


Memory wheel @ 
housing 


trol shaft of a variable-speed transmis- 
sion that drives the ‘faller bars. 
Movement of the hydraulic piston also 
restores the control arm and servo- 
valve to a neutral position. Varying 
the feed rate of the faller bars rather 
than speed of the drafting roll results 


HH gad 
— 


ant aed 


tions take place during each revolution 
of the The 
reset by a 


next, pins 


movable 
fixed 


are 


memory wheel 
pins are cleared or 
wedge-shaped cam set 


y movable wedge-shaped cam con 


‘aller- bor. 
rive r 
Droft-roll . 


rl drive 


Variable - speed 
CURLER 


in a braking action that requires less 
power. Braking action of the faller 
bars varies the tension in the sliver 
stock between faller bars and drafting 
This determines extent of 
stretching out or drafting, and light 
ening of the weight of stock 


rolls 
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rs 


amplified displacement of 
at readout position a ball 


locked pins 


trolled by 
the nip rolls 
plunger is displaced by the 
to produce the desired delayed readout 
The memory wheel 

a total of 120 
30° the pins ars 
duce an 
mainder of revolution 
easily during input and 
lock pins during readout 


has a pin every 

For a period of 
firmly locked to pro 
readout; during re 
pins must move 
clearing. To 
an eccentric 
ally mounted wheel is used 4 hard 
neoprene tire on the locking wheel pro 
the lo« king 
damaging the pins 
pins to 


pins 


accurate 


pressure 
\ felt 


easily, yet 


vides required 
without 
lining allows 
sufficient friction 
ment by vibration 


ni 
nip 


slide 
has to prevent move 
are held \% 
stock 
normal or 


In operation rolls 
in, apart by 
ing through At 
position of rolls, the linkage produces 
a pin length of % in the 
wheel A heavy spot on the stock in 


norn sliver pass 


this zero 


on memory 
nip rolls and 
than % 
in the stock decreases 


hed in than 


creases gap between the 
the pins 
in. A light 
gap and pins a 


le in 


are pushed in less 


spot 


re TY 


more 


improved version 


PS Servo-Drafter is 


of the pin drafter that combs several 


slivers’ of semifinished wool or synthetic 


before they are spun into yorn 


materials 
Drafting both straightens the fibers into a 
parallel pattern and combines several into 
one of desired weight and nicely balanced 

by lows of chance, heavy spots in one 
sliver tend to offset light spots in another 
Where 
100,000 or more slivers to produce a single 
Servo 


Drafter simplifies down to a drafting oper 


common practice combines up to 


long sliver from which yarn is made 
ation that produces one sliver of uniform 


1% 
by Textile 


Servo-Drafter was 


Div 


(within 


weight 
developed Machinery 


Warner & Swasey Co, Cleveland 





pressures, ——~-—— 
low 


velocities » « « BONDED COATINGS 
LUBRICATE METAL PARTS 


ALFRED DiSAPIO, research technologist, Alpha Molykote Corp, Stamford, Conn 


Adding a solid lubricant lilce graphite oT 
} I . . . . 
molybdenum disulfide to a resinous or in- 
organic hinds , ive sa slippe ry coating that 


He re’s latest pe rform- 


Can he CH ‘ed in place : 
ance data on these coatings, including the 


7 8 
hewmer high-te i] pe ratu "¢ Ly pe 8. 


combina 


} 


Loads are extremely high. Liquid lubricants may be 
mpletely squeezed out from between interfering surfa 


} 
} 


1 
ii 


especially when load ipproach the yield points of 


I 
surface materials, often causing cold-welding 
Speeds are low At low sliding velocities, the peak 
d on opposing surfaces tend to penetrate th 
lubricant and interfere, causing slip-stick behavior or cold 
) " " 
welding. Here, hydrodynamic lubrication fails and boun 


iil 


ary lubr on becomes necessar' 


48 


blesome pat CS qu 


Surface temperatures arc extreme. At present, maximu 


ror qi lubricants is about { 


I 


extended coa 


rvice temperatut } 
idvances in | ubricants hav t 


ibility to al 0 F and belov 100 | 


Environments are dirty or abrasive. By attracting ti 
greases often act as grinding 


‘ 


ompound rather than ibricants ['vpical dirty environ 
I 


ments are: mining construction, and farming 
Fretting is likely. 


ints can cause f 


‘ration in many types of machin 
tting wear, even though there is n 
ipparent motion between the parts Classi exampl 
ned dri ina ift engines; sleeve bearings in unba 
inced automatic tools, which can fret during off periods 


Mating surfaces are inaccessible to relubrication. Perma 
nent, in-place lubrication can be a key performance factor 
in many complex machines for which liquid lubrication 
is not f isible some examples buried mechanisms in 


business machines, hinges and pivots in 1crodynamic link 


ives 
Design must be simplified. Cost of supporting equip 
ment for liquid lubrication can be high: machined 


irs, filters, pumps and tubing 


] 


Users just won’t relubricate. Equipment for the hom 
office, and vacation time must be designed for peopl 
with little mechanical aptitude or with a distaste for han 
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What Is a Bonded Solid-film Lubricant? 


@ Many inorganic solids are slippery when 

finely divid The classic example is 

ite, common as a solid lubricant in 

i lock mechanisms and the like. 

In powdered form, these materials can fill 

in the pores and valleys of mating ma- 

chined surfaces—providing on-the-spot lu- 

brication for the peaks aa ridges that tend 

to weld together at high loads and low 
velocities 


A layer-lattice crystalline structure is a 
major key to the behavior of this type of 
inorganic solid lubricant. Molecular bonds 
within cach layer are strong, whereas 
layer-to-layer bonds are weak. Thus, sur- 
face asperities have difficulty penetrating 
the layers, but slide <asily over one an- 
other because the layer-to-layer bonds of 
the lubricant are readily sheared (see 
sketch). In fact, this shearing takes place 
more easily when loads are hich—eractly 
the reverse of hydrodynamic lubrication. 
This unusual characteristic makes solid 
films well suited to extreme-pressure lubri- 
cation. 

For an inorganic solid film to be an 
effective lubricant, two conditions must be 
met: (1) The lubricant must adhere well 
to the surface, and (2) The film must be 
replaced as it rubs off—or else applied thick 

to assure suitable life. When 
used in powder form, the lubricant’s nat- 


dling lubricants. Some examplk 


graph machines, and fishing reel 


BONDED LUBES HAVE LIMITATIONS 


I'here are three disadvantages of 
1 cured-in-place coating 


Lubrication is nonrenewable, except by 
assembling the mechanism and reworking the part. This 


means desired service life must b« 
ind correlated with coating behav 
lated or actual wear tests e “The 
Lubes,” p 52 

Precoating surface treatment 


best service life is to be 


ically etched under rigorously controlled conditions 


lubricating parts wit 


iccurately determined 
usually through simu 
Wear Tests for Bonded 
needs close control if 
ybtained. Surfac 


ened to an optimum finish, carefully cleaned, and chem 


ural adherence to metal. surfaces is most 
important.. This led to wide use of a 
second major layer-lattice lubricent—molyb- 
denum disulfide (MoS,). In this compound, 
the sulfur-molybdenum-sulfur layers slide 
easily on one another. But within the in- 
dividual layers, cohesive forces between 
Mo and S atoms are very strong and hence 
resist penetration by surface asperities. 
MoS, adheres well to metal surfaces be- 
cause the exposed sulfur atoms have a 
strong affinity for metals. 

Natural adhesion is often not enough to 
meet the second condition, however. Solid 
lubricants are then added to greases, pastes, 
or dispersions. This, too, has limitations: 
such carriers can wipe away ually or 
catch dirt and other abrasives. One answer: 
suspend the finely divided solid lubricant 
in a binder-solvent system of resinous or 
chemically reactive nature. In this way 
the lubricating film may be painted on 
and cured in place as a permanent, thin, 
solid coating. 

The resins may be either thermoplastic 
(alkyds, vinyls) or thermosetting (epoxies, 
phenolics, melamines); the latter require 
baking to give best service. Inorganic 
binders (sodium silicate, phosphates, bo- 
rates) are sometimes employed. Solvents 
(alcohol, dioxane, acetone, toluol, xylene, 
water) vary with the nature of the binder 





Conversion 
coating on 
base metal 


Stationary 


and the application method. Three meth- 
ods are most common: spray, dip, and 
tumble. Brushing and flow coating can be 
used, but do not give as uniform coatings. 
Baking, when necessary, is done by oven or 
radiant lamps. 

Service life of a bonded lubricant de- 
pends eared on the bond established be- 
tween binder and base metal. Three pre 
coating factors improve this bond: clean- 
ing, mechanical roughening, and chemical 
conversion of the surface. In addition to 
providing micro-roughness to the mechani- 
cally roughened surface, chemical treat- 
ment gives a cushioning _ that further 
impedes clean-metal “welding” as surface 
asperities interfere. 


THREE TYPES OF COATING 


| Th mie 


ire classified 


} 


} 


inorganic-bonded 


compl tely d 


; 


vm 
nae 


certain of the 


1) 
ymmerciall 


ing 


must be 1 ugh bonded 


tions, thus far, 


Bonded lubricants do not cool, as many liquid lubri 


cants are designed to do 
checked in 


lem must be carefully 


example: small-ID holes are hard to « 

I 
require special-injection jigs, 
the other hand, some vatings 


method of application 
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Thus, the heat generation prob 
enclosed applications 
Coating-application methods can limit design. 
oat by spraying, tum 
bling or brushing, and must be dipped; blind holes mai 
even vacuum coating On 


limited to a single 


to parts too bi y 


~ 


’ 
suitable for extreme load 


; 
' 1 } 
nae! Cnaracte 


iting il 
M 
boron nitride, silver 


) 
iVdlid 


ire experime¢ nta 


lower wear life than 
For However, the ait 


machine, to material 


yf air-cured coatings 


, ' 
Ww mpares eight bond 


ind low velo 


into three basic tvpes depending ol 


; aT ' 
ics i u 


127 
s 


newer experimental additives lik ilver, 
iodide etc Note that Table | 


divided into two sections: The first five 


coatings are now 


ble. including 
self-pretreating type, and 
high-temperatut 
outweig 


Air-cured coatings us« 


+} 


cured 


, : . 
can b¢ ipplied by the use 


proces 


can be in 


Oven-cured types have 








TABLE |[— COMPARISON OF BONDED SOLID-FILM LUBRICANTS 


(Coatings A through E commercially available; F through H experimental!) 





Major Operating 
Type of Coating Constituents Advaprtages Limitations 





General purpose MoS, in vinyl-butyral] Cures at room temperature] Wear life, corrosion pro- 
(Air cure) resin Applicable to all metals} tection of base metal, 
most ronmetals ond resistance to fluid 

Excellent for large ports attack ore ali less! 
already installed than for B 





Genero! purpose MoS:-graphite in Excellent wear life, cor- 
(Oven cure) amine-modified rosion protection, and 
Meets Mil4-22273 epoxy resistance to chemical performance 
(Wep) attack Limited to base materials; 
High peel strength that can withstond| 
300 F for 1 hr or 400 F 
for 15 min. 





Self pretreating Coating very thin, Effective only on ferrous) 
(Air cure) phosphorous <0.0001 in. metals 

Coating itself pretreats} Affords little corrosion) 
surface; only degreasing protection 
is needed before ap- 
plication 

Cures at room temperature 





Medium temperature] MoS:-graphite- Combines wide operating-| Limited to base materials! 
(Oven cure) silver in amin temperature range with that can withstand) 
modified epoxy very low friction coef- 350 F for | br 
ficient Less fluid-resistant 
More fluid-resistant thon B 
than E 





High temperature Best coating so for for) For longest life, requires! 
(Oven cure) elevated-temperature two-step 
service at 180 F and 400 Fi 
Maintains moderately low for 48 hrs 
friction coefficient through 
temperature range 


High temperature | MoS:-graphite in | Best wear life up to 1000 F 
(Air or oven cure’ borate-phosphate 
salt composition 









































* Temperature range for which reproducible data exists 


well as better wear life However, surface preparation lems of water solubility. ipplication methods and cost can 
coating and baking are critical and should be done by be surmounted. Of the many that have been evaluated so 
specialists for best performance. Simply switching from far, only those shown in Table I seem practical 

in air- to an oven-cured coating can increase wear life 


Regardless of binder, there is an optimum ratio of 
is much as 300%, as shown in the bar chart at the bottom 


lubricating solids to binder content. To date, this seems 
of p >2 in the range of 4:1 to 1:1. Cutting lubricant content much 
Inorganic-bonded coatings are an attempt to side-step below this improves corrosion-resistance and reduces cost, 


the temperature limitations of organic-resin binders but also impairs wear life. Exceeding this range, on the 
Though quite new, they show great promise once prob other hand, reduces adhesion to the base metal, lowers 
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SURFACE FINISH plays an important 
role in setting the life of a 
bonded solid-film lubricant, as shown 
in this chart for general-purpose, oven 
cured, MoS, All 
tested here prepared by first 
grinding to microin rms, then 
roughening—by either sandblasting or 
grinding, as indicated——-to the various 


wear 


coatings 
were 
8-10 


surfaces 


\ 


Weor Life, revs to failure X!000 


HARDNESS of the mating surfaces, 
a variable well within the designer's 
control, does influence coating wear 
life. Principal problem is whether to 
harden both surfaces, or just the sur 
face carrying the bonded lube. As this 
chart shows, the choice depends 
somewhat on the coating itself. For a 
coating with a hard-resin binder like 
1 phenolic (top bars), a soft-on-hard 
base metal appears to give best wear 
For a softer-resin binder like an epoxy 
(middle bars) the hard-on-hard com- 
bination is the better choice. The bot 
tom bars are for a compromise formu 
lation (Type B in Table I) designed 
for acceptable wear life under both 
surface hardness conditions. Line-con- 
tact method was used in these tests 
with steel rings hardened to 60-63 R.. 
Soft” blocks were 27-33 R.: “hard” 


bar 


MoS - epoxy 
moditied Type 8 


MoS2 - graphite in 
| vinyl -butyro/. x OE 
Type A plus graphite 
fed 


ty a 


HUMIDITY 
wear, depending on the coating 
curves from recent 
Principal constituent affected 
ippears to be the binder, 
though the sharp increase in wear lifs 
for the epoxy-based coating is not yet 
Further, graphite im 
proves as a lubricant under moist con 
ditions adsorbed water 
for Type A 
coating (Table I) be expected 
to fall below the curve here 
since the coating carries no graphite. 
These early data show the importance 
of maintaining constant humidity in 

of coating-evaluation tests 


can either increase or de 
creas 
as these tests 
show 


resinous 


understood 


because of 
thus the 


vapor curve 
might 


lower 


blocks, 58-62 R 
finishes. Notice that optimum finish for 


sandblasting is about 20 microin 
220-mesh AI,O, about 50 mi per 
croin, is the optimum ground finish 
also, that the 20-rms sandblasted sur 
face gives a coating wear life 
five times higher than the 

ground finish. Adding a phosphating 

pretreatment can add another 25-30% 

to coating life. Bands are shown here metal surfaces with care. 
because of wide scatter in data, taken treatment on 
before influence of tempera- 1 
ture, humidity, and phosphating pro- 
cedure was fully understood. Base ma- 
terials: Blocks were SAE 4130 steel; 
rings were SAE 4620 


as considering humidity varia 
when Tem 
ature for this contact 
held 
hardness 


58-62 R 


using tions selecting a coating 
whereas series of line 


constant at 70-75 F 
60-63 R block 


tests 
Ring 
about hardness 


was 


was 


50-rms 


Prepare The 
bonded-lubricant performan 
charts above l'able Il Pp 53 


precise sequence of steps required for a number 


constant } 
own in the 


mon metal surfaces, mcluding metal plating 
Determine the probable service life of the’ part. Bonded 
itings life and are often hard 
renew. Good limiting figures (particularly at 
25,000 psi) for coatings of the type discussed 


: ; ire: 200,000 linear feet 
perature and humidity, an en | pretreatment ar 


ponents during their serv 
evaluated in the curves and cha 


have a finite wea 


corrosion-resistance, and incre Other performan 


factors such as surface hardness ughness, service ter 


of sliding distance 
ice life, and 40 


maximum sliding velocity on a continuous 


ties above 50 fpm ire apt ¢ 


DESIGN CONSIDERATIONS 


lestroy the coating 
Although 
thousands of hours of testing are being expended, there 


experience is growing rapidly, and man 


Pick the right surface to coat. Alw 


that is constantly presenting a fresh 


is much yet to be learned about designing with bonded 


lubricants. But these pr 


point of pressure For 
the shaft, not iring 
the wavs, not the stock 

’ 


temperatures down and distributes we 


Cxamp t 


wutions will useful 


Any 


most 


prove +} hye 


follower he the 


metal surface the shoe: 


Select the right base material. can 
be chosen, but steel is by far th common—particu- 
larly in high-load applicaticns. Aluminum alloys that lose rhe 
strength above 215 F should be avoided if the coating roves wear life: when the 
Molded plastics when the blo 

the 
checked. 


results of a block-on-ring test shi 
ng wa 

ly 
cycles 


chosen requires a high-te mpc! ture ure 


1000 cvcles 


Check cumulative 


0.0002 to 0 


surface 1s 
A better 
1 solid lubricant into 


and elastomers can be coated as long as 
tolerances. 
thick, 


ilteration of established cle 


roughened and solvent effects closely 


usually 0003 in 


ll. for 


way with these materials is to blend 


them before molding, as is done with powder-metal parts 
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The Wear Tests for Bonded Lubes 





Hardened 
block 


72 rpm 
"Timken" ring 


Line-contact Method 


Stotionary 
hardened — 
block 











| ie 


Bonded 
coating ~ 


Rotating 
[ nosepiece 
; 





Thrust 
—- 


4 














Bonded coating on 
annular area and on 
Stationary block 


Area-contact Method 


Few wear tests are designed to simulate 
conditions in actual mechanisms — more 
often they simulate simpler components of 

ex surface-to-surface motions. Main 
objective is to create a , Tealistic 
wear situation, with variables are easily 
identified and controlled. Here are two 
such tests that are commonly used to 
evaluate and compare bonded solid-film 
lubricants (see sketches). 

Line-contact test: A stationary rectan- 
gular test block is pressed with a prede- 
termined load against a rotating “Timken” 
ring coated with the test lubricant. Sur- 


faces are run in by building up the normal 
load, N, in carefully timed increments 
to a maximum value of 630 Ibs. Ini- 
tial Hertz pressure in the line-contact 
area is about 110,000 psi. Resulting fric- 
sicash feats Ft plched ep by 0 3 cell. 
Friction coefficient is this force divided 
by normal force N. Wear life is taken as 
the number of ring revolutions for the 
coefficient of friction to rise from its run- 
in value to a previously selected “failure” 
value, usually 0.1. 

Area-contact test: A stationary flat block 
is pressed with a predetermined load 
against a rotating nosepiece having a raised 
annular surface area. Both are 
coated with the test lubricant. Thrust 
load after run-in is about 2500 Ib, giving a 
bearing pressure of about 10,000 psi. 
Friction torque is measured and converted 
to a friction shear stress at the rubbing 
annulus. Wear life is the number of 
cycles for the coefficient of friction (here, 
the ratio of friction shear stress to axial- 
thrust pressure) to rise to a previously se- 
lected failure value, usually 0.15. 


Result of these tests is a plot of friction 
coefficient vs revolutions as shown at right. 
It shows clearly the key characteristic of 
bonded lubricants: Friction decreases as 
normal load increases. Flat portion of the 
curve gives the coefficient of friction for 
the coating; its sudden — gives the 
wear life. Both these values are usually 
stated in conjunction with the base mate- 
rial used. Temperature at the contacting 
surface can weer oe friction coefficients as 
the criterion of failure. 


HOW GOOD ARE THE TESTS? 


A good wear test allows accurate com 
parison of many coatings by keeping the 
average deviation from the mean wear life 





apy ital! 


Area contoct 
Line contoct 


Type & 


ee | 
Type A: MoS,- graphite in viny!-butyra 


Modified Type B 
MoS, - graphite in pher 


Moditied lype 8:MoS, in epoxy 


Type D0: MoS» 
graphite - silver in epoxy 


Coefficient of friction 


to a minimum. Recent testing has shown 
this requires careful control of two factors 
(1) pretreatment of test specimens, in- 
cluding both the sandblast roughening and 
the phosphate prefinish, and (2) tempera- 
ture and relative humidity. The accom- 
panying table shows how strict control in 
these two areas has brought data scatter 
on wear-life tests to a manageable level 
Presupposed are accurate and aligned load- 
ing, ngidly maintained mating paths, iden- 
tical specimen hardness and preparation, 
and frictional temperatures below the 
coating-decomposition temperature. 

If all these conditions prevail, then 
different test methods should rate coatings 
in the same order. The bar chart below 
presents recent data to show that this 
conclusion is correct. Here, five coatings 
are compared by the two different test 
methods described above—line contact and 
area contact. Note that both rate the five 
compositions in the same order, thus the 
MoS-graphite-epoxy composition can be 
confidently selected from this grouping as 
the coating with best wear life. Extrapo 
lation of these test wear-life figures to 
endurance of the coating in actual mech- 
anisms is, of course, somewhat speculative 


100 1000 +—10000 100,000 
Revolutions 


be 
al 
0 


ed 
1,000,000 


Effect of Surface Treatment and Temperature-humidity 
Control on Wear-life Deviation 





Test conditions 


No. of 
Tests 


Mean 
Deviation, % 





not controlled. 


(1) No strict controls: Sandblast medium re- 15 60 
circulated and not changed often. Phos- 
phate solution not checked often for constant 
composition. Temperature and humidity 





(2) Same as (1) 


pt New 


Atinct 





me- 


graphite in 2p0xy dium used, not recirculated, Phosphate 


=e nM 


wae 


solution and procedure rigidly controlled. 











4 6 810 20 


40 6080100 200 
Wear Life, revs to failure X 1000 


(3) Same as (2) except All tests run at 75 F 
= 5 F; relative humidity, 48% + 2% 
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TABLE 1—-RECOMMENDED PRETREATMENTS FOR METAL SURFACES 





Steel Stain- Piated Metals 
(except less Crer Cd or Al Cy Mg Ti 
Pretrectment $5) Steel Ni Zn Alloys Alloys Alleys Alloys 


Degrease 


Remove oxides 
Bright dip 
Sond blest 


Anodize per 
Mil-A-8625A 


Dichromate per 
MI-M-3I7IA 


Phosphate per 
Mi-C-1623A 
Type ! 


Phosphate with 
Lubrite SS or 
Gronodraw 


$s* 











* Lubrite SS — Parker Rustproof Co; Granodraw SS — American Chemical Paint Co 


ing parts. One exception: applications like bushings which 


have clearances of about 0.001 in. per i L-in.-dia 
bushing would have about 0.0001 in ial clearance, too 


small for most coatings. Use Type C, Tabl ss than 





0.0001 in. thick) or widen clearance 
Do not combine solid-flm lubrication with liquid lubri- 


+ 


cation. Tests show that wear life can be reduced 3 to 4 
HIGH-TEMPERATURE TESTING of bonded lubri- times if a bonded coating is wet with oil during operation 
cants is receiving increased attention, stimulated by 
military requirements. Shown above are recent area- 
contact wear curves for all except one of the coatings 
listed in Table I. The exception is Type C, a new coating can reduce run-in wear on mal 
self-pretreating coating for which a wear life of 5400 parts— such as gears and pistons. Here, design 
revolutions at 600 F has been determined. (Letters dynamic lubrication; coating life is unimportant 
indicate corresponding letters in Table I.) The ideal 
high-temperature coating would have a _ horizontal , 

we cm thie chart. Mate that ceatine: @ ent @ high loading in a lab test does not neces 

approach this with excellent wear at the lower tem- service life at lower loads. In many cases 
peratures. Experimental coating H, on the other sustain more cvcles at full load than at 
hand, approaches the ideal in the reverse direction: 
higher temperatures mean better wear life. Only 
hitch with H, so far, is how to apply it practically . 
so it can last until the higher temperatures are treatment and application of the coa 
reached. Other factors like peel strength and resist- since a small amount of coating goes 
ince to fluids are not reflected on these curves, how- coating the entiré part is usually most 
ever. Coating B, for example, has modest high-tem- 
perature performance—but is designed to meet rigid 
requirements in these other areas 


Design should also make it impossible to oil a coated 


surface. One exception to this pi t 


Determine the loading precisely. A 


ber these lubricants have lowest friction 
Avoid masking unless the part is large. 


toy 


parts can be tumble-coated in quantiti« 


up for as little as 4¢ per part 


1 
i 


REPRINT COPIES of this report are available for 25 cents each 
by addressing Reader Service Dept., Product Engineering, 330 
W 42nd St, New York 36, NY 


EDITOR'S NOTE: Other recent ar together. Two cleaning procedures : gears am ng clutches and 
ticles on lubrication and wear include given for solving the problem links 
the following Latest Design Requirements for When to Specify Centralized Lubri- 

Oil-mist Lubrication for Air Bear- Bearings and Lubricants, May 23 '60 cation, May 2 ‘60, p 56—Article pr« 
ings, Aug 29 60, p 54—New technique p 56—Staff report summarizes key de sents 5 basic systems and gives 8 
prevents galling and seizure during sign equations, charts, and concepts factors that determine whether thes 
starts and stops in step-bearings lubri presented at 1960 annual ASLE meet methods are preferable to point-to 
cated by air ing point manual methods 

Abrasive Contamination of Precision How to Predict Wear Life of Roll Press-fit Test Picks Solid Lubricants 
Mechanical Devices, Aug 15 ‘60, p 51 ing Surfaces, May 9 ‘60, p 44—New for Extreme Pressures, June 22 ‘59 
Latest tests with polarized light show load-stress K-factors for various mate p 64—A simple way to find the coeffi 
how abrasive machining can contami- rial and hardness combinations sim cient of friction when surfaces slide at 
nate surfaces that must slide and roll plify life-expectancy calculations for high loads and low velocities 
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BETTER ACCELEROMETERS 


OFF THE SHELF 


Here are the instruments you need for testing 


acceleration, vibration or shock; they also serve as speed controls, 


remote leveling devices and rotational balancers. 


ROBERT J COHEN, Kearfott Div 
General Precision, Inc 
Clifton, NJ 


N.. d an accelerometer? You're in for a surprise if you 
haven't shopped lately for one of these acceleration 
measuring devices. The past few years has seen them 
become specialized—and sophisticated 

Choosing the right one requires making some com 
parisons but is well worth the time because chances 
ire you can now get one straight out of stock to fit vour 
specific needs. What's more, as a result of your investiga 
tion, you may find other uses for these sensors. For 
example, bubble-type accelerometers are now available as 
low-cost, remote-control leveling devices—an application 
unheard of only a short time ago because of cost 


HOW THEY WORK 


All accelerometers are mechanical systems that employ 


t least three elements: a seismic (inertial) mass, the 
spring restraining it, and a reference structure or housing 
When acceleration is applied, the mass tends to stay mo 
tionless in space. But the housing moves. The displaced 
mass remains in dynamic equilibrium for the duration of 
the acceleration. The force produced by the acceleration 
acting on the mass is absorbed by the restraining spring 
When acceleration ceases, the spring returns the mass to 
its original position relative to the housing. For maxi 
mum accuracy, highest input-acceleration frequency must 
be at least one octave below the mechanical resonant 
frequency. Output (displacement of the spring) thereby 
becomes directly proportional to the acceleration expressed 
in o's 32.2 ft sec’). 

The seismic mass can be either a simple pendulum or 
a translational mass that moves linearly within its housing. 
The springs are either mechanical (hairsprings, cantilevers, 
torsion bars) or electrical or hydraulic servomechanisms 
Output displacement, measured by the spring displace 
ment, may range from inches in a conventional unit to 
microinches in the servomechanism 

Angular accelerometers operate on the same principle 
except that the spring restraint is torsional rather than 
linear and the seismic mass is well balanced to resist 
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displacement by linear acceleration. The customary way 
to express angular acceleration is in terms of radians 


pe [ sec’ 


Torsion-spring 
, restraint 


Damper 


/nértia/ mass vanes 


~ 


~ ~ 
. = Pichotf 


Angular accelerometer **~ 


Output of this accelerometer can be an optical read 
ut, such as a pointer. More often, it is electrical: self- 
generated voltage, as in piezoelectric type; variable resist 
ance ac excited by external voltage source, as in strain 
gage; differential transformer; or feedback current or 
voltage, as in servo type. 

Specifically, here are the six types covered in the table 
on Pp 56 


Electrolytic-bubble Pendulum 

Simply a common bubble level filled with an electrolyte 
It serves as a restrained pendulum. Acceleration causes 
movement of the liquid; movement causes change in 
resistance of electrolyte between electrodes. 


Piezoelectric 

Generally a translational-mass rather than pendulum 
type, because it is most often used to detect vibration. 
Force of acceleration causes the mass to produce strain on 
the barium titanate, which generates a signal. 


Strain Gage 
Primarily pendulous. The mass deforms (strains) a 
resistance element which is externally excited. Deforma 


tion results in change in resistance, and so, a change in 
signal, which can be either ac or de. 
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ALL ACCELEROMETERS use one 
or the other of these two 


principles: (a) Simple pendulum; 
(b) Translating mass. 








+—— Contilevered — 
mass 
Mognet 
Electrical 
contact 
closed 














|__ Electrical 
contact 
| open 




















No acceleration Acceleration 


TWO APPLICATIONS for simple ac- act as crash-actuated disconnect switch 


celerometers. Left: inertial accelerom- for autos or air« 
eter switch can serve as safety switch speed governor. 
—guard against excessive vibration or duces electrical 


Mechanical Spring-restrained Pendulum 


Output can be simple pointer or electrical, such as 
synchro, potentiometer, etc 


Servo Spring-restrained Pendulum 


Very precise and sophisticated. It consists of a pendu 
lum, an electrical pickoff, an amplifier, and a torque 
motor. The pickoff output is amplified and fed back to 
the torque motor, which drives the pendulum back to 
null. Feedback current or voltage is measure of accelera 
tion and acts like a very stiff electrical spring. When this 
accelerometer is operated as an inverted pendulum, it 
becomes a very precise leveling device 


Gyro Pendulum 


Has no practical commercial application yet. Is very 
expensive, and included here for comparison only. As 
noted in the table, it is used in inertial-guidance systems. 

The device is a gyro mounted in a pendulous gimbal 
The acceleration-produced torque appears about the out 
put axis of the gyro as a precession torque. Gyro responds 
by rotating the gimbal about the accelerometer output 
axis at an angular veloc ity sufficient to balance the accelera 
tion torque. The angular velocity about the accelerometer 
output axis is proportional to acceleration. Total angle 
about the output axis is proportional to the integral of 
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‘raft. Right: a wheel 
Pendulum angle pro- 
output which can be 


acceleration (linear 


Axis of 
ongulor 
rotation 


Arrows show 
direction of 
centrifugal 
acceleration 


picked off through slip rings. When 
wheel reaches speed limit, pendulum 
angle reaches preset maximum, giving 
signal needed to turn off or limit power 


velocity A \ 


can perform double integration, thus 


inertial odometer 


distance mete! 


ANALYZING YOUR REQUIREMENTS 


The table, on 
the market. Its bar 


next page, covers major types now on 


x > ginninnen 
graphs are approximations that give 


an idea of relative values between types. As you deter 


mine your acceleration and frequency needs, you can 


check the graphs to eliminate certain types. For instance 


if you discover you must operate at 1000 g on 


see immediately 


that only a piezoelectric type will do 


If you require something in the 5-g range, you can choose 


among several types, depending on other characteristics 
such as cost or accuracy. 

Suppose you want an accelerometer to determine peak 
acceleration during shock; then high natural frequency, 
maximum range, and small size are important. A glance 
at the table tells you the piezoelectric accelerometer is 


the best choice. Or suppose you need a control element 
for an aircraft autopilot. You would then need good 
resolution, high ac output per g, fair null repeatability, 


and a range in the order of a few g’s, positive and nega 
tive. Here you have a choice of several types. The one 


most generally chosen is the mechanical spring-restrained 
pendulum. 


text continued on page 57 
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SIX TYPES OF ACCELEROMETERS 


Size 
Ya w in. 


Performance 
Power output in watts; 
good null repeat- 
ability 


Good for vibration 
measurements, Self- 
generating signal, 
generally requires 
amplification 


Type 
ELECTROLYTIC- 
BUBBLE 
PENDULUM 


PIEZOELECTRIC 1/3 cu in. 


STRAIN GAGE Must be externally 
excited, ac or de Low 
output, (millivolts/g); 


good resolution 


MECHANICAL 
SPRING- 
RESTRAINED 
PENDULUM 


Good for sensing 
constant linear accel- 
eration rather than 
vibration; good 
resolution 


1% to3 
cu in. 


SERVO 
SPRING- 
RESTRAINED 
PENDULUM 


Very stable; 
repeatable, linear, 
but complex 


2% to 10 w 
In. (including 
amplifier} 


GYRO 
PENDULUM 


Sensor for inertial 
guidance 


30 to 50 cu in. 
(including 
amplifier) 


Frequency range 


Electrolytic 
bubbie 


Piezoelectric 


Strain gage 


Mechanical 


spring 


S000 50000 


n oll cases, about one order 


Accuracy 
(% of 
Reading) Cost 
5 low to medium 
($10 to $100) 


low 


low to medium 


very precise 
(classified! 


Applications 
Remote leveling devices 


Vibration, shock tests 


Acceleration and vibra- 
tion tests, leveling devices, 
speed controls 


Inertia switches, balanc- 
ing machines, accelera- 
tion tests, leveling de- 
vices, speed controls 


Velocity meter, stabilized 
platforms, building-vibra- 
tion tests, balancing and 
leveling devices 


Can replace airborne 
platforms 









































l I 
o Wo 0 0 
Threshold sensitivity 


mognitude higher or lower is possible 
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ACCELEROMETERS continued 


A velocity meter (accelerometer plus external integratot 
requires highly-linear output characteristics, good null 
stability, and low cross-acceleration errors. For this applica 
tion you need a servo type, or a further sophistication 
of the servo—the pendulous gyt Cross-acceleration is 
1 spurious output caused by inability of the sensor t 


distinguish between accelerations along the desired axis 


ASK THE RIGHT QUESTIONS 





These questions will help analyze your requirements. 
The answers add up to specifications for your supplier. 


Accuracy? 

Range? 

Servo or nonservo? 
Scale factor? 15 
Ac or de output? : 
Excitation frequency 
level desired? 
Damping ratio? 
Input impedance? 
Output impedance? 19. Effect tolerated 
Threshold sensitivity? by adjacent devices? 
Vibration environment? 20. Application 
Temperature environ- velocity meter, accel., 
ment? vertical sensor? 


13. Resonant frequency? 

14. Cross acceleration 

tolerated? 

Package size? 

16. Weight? 

17. Price range? 

18. Tolerance to magnetic 
fields, ac or dc? 











ind its other coordinate axes. Because a1 inary pendu 


lous accelerometer is inherently sensitive to cross-accelera 
nly a tightly restrained pendul yr a translational 


instrument 


Speed controls require good re 
tinguish between small, incremental 
tion 4 mechanical spring-restrained pendul or strain 
gage will do the trick 
If you are building 
n stability c ctor, highly 
ind ftreedot ron punious output 
eleration. The 


pecifically r this purpose 


vibration al 
} 


ci yped 


For REPRINT of above article, just check P60 on one of the 
Reader Service cards in this issue 


EDITOR'S NOTE: For additional info 
sors, se¢ 

Piezoelectric Transducers Measure Fluctuating Forces, 
Pressures, Accelerations, Apr 27 ’59, p 61—-Tells how piezo 
electric accelerometers work; their limitations and applica 
tions. 

Pressure-sensitive Material Measures Explosion Forces 
Sep 16 '57, p 106—Properties and application data on pres 
sure cells made from rare earths. Cells change electrical 
resistance when compressed 


mation on force 





FOR POWER IN OUTER SPACE: 


Mercury Turbine + Nuclear Reactor 


: | 
Mercury is teamed with a nuclear 


reactor In a newly 


rnty ‘ 
” ent Ow 


p ( 
tions. Mercury 


- that generates 


ion and auxiliary 


liquid lubrica 
bearings 


Sponsored 


WADD, Th 


dridge has built 


R inkine cyc le 


leveloped cht 
ipp! i 
turbine 
propul 
I 
mercury 


turbine shaft 


the AT C 


7] 
m Ramo 
prototypes 
I I 


| 
ociectric Powe! 


tem that have already completed ove! 


Z3UU hours 


peration Called 


i 


SNAP II, the display model shown 


in photo can ] 


Prototype turbine uses mercury vapor ght is mercut 
at 700 F as the heat-transfer fluid 
rotates permanent-magnet rotor to hown at left 
generate ac power. Separate 200-lb Here’s how 
sodium-cooled nuclear reacto1 

vaporizes mercury; condenser dissi None 
pates heat by radiation to cool it to bouer, drives a 
liquid. Total weight of system is YUU rpm 


600 lb, including reactor and shielding heat from react 


rT 


1 
turbine; Casing 


cury vapor, heated 


ge 


e about 3 kw. At 


pump, alternator and 


/ . rating 
mmpiete unit 1 peraungs at < 
High-energy 


tem works: Mer ir pow 
to 700 F in a : 
turbine at 40, 


Liquid sodium transmits 
to boiler. Alternator 


a permanent-magnet rotor with sta- 


tor—generates 


ind mercury pum 
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are mounted on 





LATEST TECHNIQUE IN 


Camera-made drawings 


Take a photo of the model or prototype, let the draftsman 


sketch in the details, and you've got an assembly drawing that’s 


faster and cheaper to produce, easier to read. Author 


describes two important improvements in the photodrawing 


method and cites two case histories that show what it can do. 


GORDON O F JOHNSON, vice-president, LogEtronics Inc, Alexandria, Va 


Ss uppose we have to reverse the usual procedure. What 
method—in assembly drawings, for example—will trans 
form the 3-dimensional prototype back into a 2-dimen 
sional drawing? ‘Traditionally, this has meant another 
full-dress drafting job. 
vantages of a very common instrument—a device that 
turns three dimensions into two at the click of a shutter? 

Putting a camera to work this way is not a new idea. 
But until recently most results with photodrawings have 
been disappointing because of technical limitations. 


ENHANCEMENT OF DETAIL is 
one reason why the photodrawing 
(far right) is superior to the line 
drawing. The Torrington Manufac- 
turing Co has found that the method 
also saves nearly $300 for the com- 
plete 2-view drawing (only one view 
shown). Costs are shown at top of 
facing page. Photodrawing in cen 
ter made directly from negative 
(via positive transparency) without 
dodging or control of contrast, is 
unacceptable because reflections in 
center portion and shadows in lower 
portion hide necessary detail. Posi- 
tive transparency for preferred 
photodrawing was made from the 
same negative with a LogEtronic 
printer. 


But why not exploit the ad- 


It’s difficult to get ideal lighting for an entire piec 
of hardware, so some parts of the negative are bound to 
be overexposed, others underexposed The result in 
either case is loss of detail. And to produce the abun 
dance of prints necessary, it is preferable to use the same 
diazo reproducing machine that’s used for line drawings; 
but with ordinary techniques diazo prints are too con- 
trasty to be acceptable, particularly when a second gen 
eration of prints is made from diazo intermediates. 

Two improvements in the photodrawing method have 


> 
Spot Ce 
— Pon wc: 


Haeer sage fax eee VB ICA 


(7 TORR eG TON wD eet ie TE Tt et 


: = al | 
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PHOTODRAWINGS IN A MEDIUM-SIZE COMPANY 


The Torrington Manufacturing Company is not enough 

to have its own photography department or afford the special 

i n to prepare master photodrawings. Normally 

they take their own photographs but employ a local commercial 

reproduction service to the controlled-density, screened 
positives for went linework by Torrington draftsmen. 

. The three ial drawings of the Torrington V-82 four-slide 

| machine at bottom of these pages show the differences between 

+ the old and new methods. Erman J. Cavagnero, chief design engi- 

* necr.of the Machine Division, estimates that the assembly draw- 

*ing for elevation and end views of the machine costs about $380 

en ed by a draftsmen. By contrast, the breakdown of 

costs for the photodrawing is: 


TORRINGTON DRAFTSMAN adds dimension and hidden 
lines to a composite photodrawing—two views of the V-82, 
four-slide machine. Screened positive tranparencies have 
been taped to the back of a matte-surface drafting film 
When linework is complete, this becomes the master 


é photodrawing. 
These costs include normal profit of the commercial repro- 


duction service but do not include cost of making controlled- 

contrast prints in the LogEtronic enlarger. The increase in cost 

for the specially positives is estimated at between $1 company. It estimates that it takes about 300 photos a year and 

and $2 apiece. (This cost is not yet firmly established because makes shout 10 copies of each. The 3000 prints (8 x 10 in.) are 

the sails ton, New England Blueprint Co, Springfield, Mass, ordered at a unit cost of 40¢ each. With screened positives of 

has only recently installed the special machine. This is the first cach negative at a cost of $2.50 each, copies can be made on the 

such installation by an independent reproduction service.) diazo machine for.a material cost of 3¢ for matte finish paper and 
Torrington anticipates it can also use the process to make fast, 15¢ for the new high-gloss diazo paper. This saves about 12¢ per 

inexpensive copies of photographs for needs elsewhere in the high-gloss print, assuming 3000 prints. 


hanged all that. An electroni irger has been dev 


t 


ped that automatically c tes for poorly expos 


negatives; and use of ye screen ensures detaik 
magazine-quality diazo prints for pies bevond the first 


h 


generation. These two methods are primarily responsib 


for the renewed inter 
Photodrawings don’t eliminate the draftsman He 


> 


still needed to make drawings of individual parts of th 
issembly—and any other drawings where there is 1 
physical part to photograph. Even the photodrawing 
require some drafting work—dimensions, part callout 
labels, hidden lines 
Why make an assembly drawing if the machine h 
machine is only a prototype, put together from sketch« 
and notes; and undoubtedly with the project engine 
breathing down the machinist’s neck. The photodrawing 
tells production personnel how to repeat this process. It’s 
not necessary to have a complete, working prototype; 
full-scale appearance models, mockups, even smaall-scak 
models can serve the same purpose. Photodrawings ar 
also convenient when engineers want to make changes o1 
ee So Me WUE custom modifications of a machine that is already in 


already been assembled? Usually, of course, this first 


1 608 we 


PRODUCT ENGINEERING + SEPTEMBER 5, 1940 59 





From 3-D to 2-D prints—four simple steps 











4 CONVENTIONAL CAMERA gives nega- 
tive image; photographer makes one 
negative for each view required on the 
assembly drawing 


duction. ‘Their advantages over line drawings are 


Low Cost. Except for simple shapes, photodrawings 
re considerably cheaper than comparable line drawings 
Because cost of materials is about equal, the major dif 
ference is cost of drafting effort. Savings range from 
50% for a relatively simple drawing to as much as 
95% for drawings with many parts and complex spatial 
relationships. 

Speed. Only a small amount of time is required to 
take the photo and process it to the point where the 


draftsman can add the necessary lines. ‘The major portion 


of the time required to produce a photodrawing is still 
the drafting time. Hence, as with cost, time savings ar¢ 


roughly in proportion to saving in drafting effort 


Accuracy. Cameras don’t make mistakes, so the draw 
ing checker only has to look at the lines added by the 
draftsman. 
and depth, making the assembly easier to visualize and 


Further, the photo shows shading, texture 


reducing error at the production level The symbols, 
sections and special pictorial representations of line draw 
ings can easily confuse personnel unfamiliar with standard 


drafting notation 


THE FOUR STEPS 
Start With a Good Photo 


(he sketches above show the four steps in making a 
photodrawing. first requirement is a good photo of the 
prototype, model or mockup. Usually it is taken by the 
firm’s own photography department. The small company 
that does not have its own cameraman can call in a com 
mercial photographer without adding much to the cost 
of the process. 

The photographer should be cautioned to avoid shadows 
or highlights that obscure needed detail. He should also 
choose a camera angle that minimizes perspective as 
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POSITIVE TRANSPARENCY is mad 
from negative and “dodged” to adjust for 


variations in exposure. Halftone positive 


is made when requirements are critical 


much as possibl He should not try to includ 
much information in one view by taking photos fror 


oblique angles—one picture for each of the views, they 
would appear on a line drawing, is the best practice 
Whenever convenient, the assembly should b« 

graphed in a studio where there is better control 


ing and camera angle 


Make a Controlled-contrast Positive 

\ perfectly exposed negative is rare 
photographer taking proper precaution 
dling is necessary, especiall ince print 
photodrawing (a _positi transparenc 
idded by the draftsman) must be mad 
machine that is used to reproduce line di 

Loss of detail because of lighting variation 
negative can be overcome by careful preparation 
positive transparency. One way is by skillful “dodgi 
1 good photographic technician can use a c 
enlarger to compensate for uneven exposure b 
off light from the lighter parts of the negative 
illowing darker parts to receive more exposur¢ 

A more precise solution is with the special enlarg 
automatically makes properly exposed prints from | 
exposed negatives. Such an electronic enlarger is 
by LogEtronics Inc For details of its operation, 
photo and diagram at right Its original application wa 
to preserve vital photographic detail in aerial photog: 
Now, it is found in almost every field of photogr 
from electron micrographs to high-fashion photograph 
LogEtronic enlarger is about 
$10,000. The development of this machine is considered 


The cost of the basic B-5 


by many as one of the most important steps toward mak 
ing photodrawings practical 

Improvement in the amount of detail in converting 
from negative to positive is only one of the reasons why 
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LINEWORK !S ADDED to the 


positive 
by a draftsman 
matte-surf 


iriace 


4 PRINTS ARE MADE in the « 
diazo machine with the 
paper used for line 
skill or 


hnvent 
It's done directly on same 
positive or on a drawing drawings 
film taped over it materials needed 


no spe 


msidered an essentia 


here are two other 

idjusted to com 
trast 
print 


; 
ontr 


n range between 
paper. Photo 
ist range (typic ily 
to blackest black 
contrast range 


but rarely larger than 0.8 


; 


t white 
1 narrow iS 


is ideal for the drawings 
esn’t—but it is 


tT inspare ncies 


unsuitable 
made the 
of the 
the print while 
With the electronic 


in adjust the con 
to 


contrasty—some¢ 


mm 


any desired 


1 contrast rang¢ 
liazo print paper 


will 


ive show 


up 


md 
the 


ure 


mtrolled-contrast process 


the 


pt Sl 


siti 
Vhis important 
ombined te i 


Without rolled 


pi encies receive exactly 


when individual 


two three-view photo 
it 
sc composites would 


that 


Cad-CXPos 


m the 


ure positives, 1S 


lark others 


were 


ma generation 


m diazo 


inte! 
Here 
making 
the 
iaving the 


ontracts 


when 
TC iks pos 
ll } 
ul | 


mn 
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sensitized 
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ELECTRONIC ENLARGER 
made by Ine 


liminates i! 


LogEtronics 


auto 
matically « wi 
Variations in contrast 
ive. The 
works 


athode ray 


on the neg 


schemati 
The light 


tul scans 1 


shows how 
it source a 
‘ ne erative 
and 


expose 
time 


monitored 
feedback photon 
negative and 

ensitive probes 


grapher to 


ness-range l 


1 contrast to match 
emulsion on print. 
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PHOTODRAWINGS IN A LARGE COMPANY 


General Electric’s Large Jet Engine Department in Evendale, 
Ohio has its own photography department, with a staff of 12 
photographers and lab technicians. Since 1951, GE has been 
using photodrawings to — some of its line drawings; today, 
virtually all engine-assembly drawings are made this way. 

A typical jet-engine assembly drawing is shown in the photo 
at right. The sheet of screened, positive transparencies (master 
photodrawing) is being microfilmed as required for military 
records. 

The drafting-group supervisor estimates that this drawing, if 
conventionally prepared, would require at least 600 hours of 
drafting time, over a period of vagy ! six to eight weeks. 
The photodrawing was produced in 30 hours—10 in the pho- 
tography lab and 20 in the drafting room. Thomas E. Ware, 
supervisor of photography, points out that the 20-to-] cost and 
time reduction is not the only benefit: there is more information 
in the photo and chance of error is reduced. 

The Large Jet Engine Department has a LogEtronic contact 
printer (a simpler device operating on the same principle as the 
enlargez) in its photo lab and it is used to make al positive 
transparencies for photodrawings. ‘These are printed on East- 
man Kodak Autoscreen film. The special printer is a later 
acquisition—the first jet-engine assembly drawings were made 
without automatic contrast control. These had several draw- 
backs. First, the master photodrawings did not give clear prints 
and many detailed parts of the assembly were obscured. This 
made it necessary to add supplementary close-ups to the medium- 
distance photos in the drawing. An average of 30 photos was 
needed to show the assembly in all its detail. With the elec- 
tronic printer this number has been reduced to 10. 


density. The size of each dot is directly proportional to 


the intensity of incident light. The tone of prints made 
from half-tone positives depends less on the response of 
the printing paper and more on the size of the dots 
Light areas have small dots; dark areas have large ones 

Normally, a screen of at least 100 lines per inch is 
recommended. The electronic enlarger is adjusted to give 
1 20% dot in the highlight areas and a 70% dot in the 
shadows. Another way to make a screened image is with 
Eastman Kodak Autoscreen film 
in the enlarger because there is a 133-line screen built 
into the emulsion. 


This needs no screen 


Add Linework 


When the positive transparencies have been prepared 
next step is to add the necessary linework There are 
two common methods 

Suppose the desired photodrawing is to include thre« 
views of the assembly—top, side and elevation. Th 
three positive transparencies can simply be taped in theit 
proper position on the back of a piece of drawing film ot 
vellum and the lines drawn on the top. 

The other way is to make a contact print on an inter 
Here the problem is to make a composit« 
positive intermediate from the individual positive trans 


mediate film 


parencies. The individual transparencies can either be 


irranged in their proper positions on a single sheet of 


matte-surface, direct-positive, sensitized film and a con 
tact print made; or the transparencies can be placed on 
i sheet of diazo-sensitized, matte-surface film-intermediat« 
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Moreover, because there was a wide variation in contrast 
among photos, each of 30 views was previously put on its own 
11 x 17-in. sheet, and the diazo machine frequently had to be 
reset when a new view was printed. With the LogEtronic 
printer, contrast is consistent and detail is increased. Thus, 
the same size views can be put on one size E (34 x 44 in.) 
sheet and processed together. The single sheets are more con- 


venient, require less storage space. When chaiges are necessary, 
the master drawing can be modified by stripping in a new view. 


and exposed in the diazo reproducing machine. In either 
case, the additional lines, dimensions and labels are added 
directly on the matte surface of the film This then 
becomes the master photodrawing 


Make Prints on Standard Machine 


Master photodrawings prepared this way can be han- 
dled the same as conventional line drawings. They are 
stored and revised in exactly the same manner and prints 
ire made in the diazo machine as before. Reproduction 
is the final step. No special skill is required and, with 
equal-density masters, the same machine setting gives 
perfect prints for every photodrawing 

The quality of prints is very good indeed. The screened 
positives ensure good definition, and a tonal quality equal 
to the best magazine photographs. Many companies have 
been so pleased with the quality of photographs made on 
their diazo machines that they regularly use the process 
to make copies of photographs. Numerous copies of 
photos for booklets, reports, sales brochures and many 
other individual uses can be made quickly and inexpen- 
sively by this process 


EDITOR’S NOTE: For other ways to reduce time and 
effort in the drafting room, see 

13 Ways to Cut Drafting Costs, Sep 28 '59, p 54—A check 
list of modern methods and materials 

Drafting Costs Are Going Up, June ‘57, p 166—-They repre 
sent 70% of total engineering cost Why? 

Drafting Cost Reduction, June ‘55, p 193—Nine ideas that 
reduce cost without overdoing “simplification.” 
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Lanced Metal Eliminates 
Separate Fasteners 


FEDERICO STRASSER 15 ways in which sheetmetal tabs, 
Mankowitz & Strasser 


Santiago, Chile ears and lugs can serve to fasten and locate. 





miri=/a]{ Za -|0)m 0 








Slot 


BENT-OVER TAB holds together up to four layers of sheet- 
metal. Designing tabs to stress in shear increases holding strength 



































am” Weage shape 
4 


TWISTED TAB is less common than 
bent one. Shaped tab wedges tightly when twisted 
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Riveted tab end 


O 5 7 
WITH THICK STOCK, end of THESE TABS both locate and hold disk in tubing. 
tab can be riveted. When necking locates disk, tab only holds—again by wedge action 


nued 
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NOW...an accurate printed 


record of everything you weigh 


@ Time, date and other identity 
ing symbols may also be record 
ed simultaneously with weight 


@ Weights are printed in digits 
5/32” high 


@ Also available: consecutive 
numbering devices, repeaters, 
coin operating mechanism, 
balance detector, roll tape and 
ticket printing, open throat de 
sign printer that permits weight 
tickets to be inserted from either 
front or side 





Qutomatically | 


Yours at the touch of a button 


with the Fairbanks -Morse 


PRINTOMATIC WEIGHER 


THE VERSATILE ATTACHMENT that fits any 
F-M Floaxial Dial Scale to provide you with ac- 
curate permanent printed records. Completely 
eliminates the possibility of human errors in 
weighing operations; does away with costly 
disputes between buyer and seller, weighman 
and trucker. Instead, you get tru/y automatic 
weighing . . . the Floaxial Dial Scale plus Print- 
omatic accurately record correct weights on 
tickets, roll tape or both! 

WAREHOUSES find Printomatic valuable in 
effective cost control. Printomatic furnishes a 
printed, permanent record of every shipment 
entering the warehouse—an effective check on 
the cost of raw materials. 

INDUSTRIAL OPERATIONS often include 
Printomatic directly on the assembly line to 
accurately weigh and tag products and product 
parts. 

F-M Printomatic Weigher makes the printing 
of weight figures a simple matter—no matter 
what the application! Check these dependable 
Fairbanks-Morse Printomatic features. 

Learn how truly automatic weighing, the 
Fairbanks- Morse Printomatic way, can make 
your operations more efficient, more profit- 
able. Write to Fairbanks, Morse & Co., Scale 
Division, Fair Lawn, New Jersey. 


Fairbanks, Morse 


SCALE DIVISION 


A MAJOR INDUSTRIAL COMPONENT OF 
FAIRBANKS WHITNEY CORPORATION 





LANCED METAL continued 
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Bar Tube 





‘a 


= Groove 











LIP AND TABS combine to join round bar and tubing 

















For longer bars, tabs fit into groove Bar can 
rotate inside tube if tabs are pressed lightly into groove 
Shell Aubber Mastic — 
= 
"1 Sheet meta/ insert 

















10 


Spot weld 


LANCED SHELL 
bumper 


secures 


or instrument foot 





ff 


Sur: 
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CORNER REINFORCEMENT §erips 
wood, plastic or fiber with lanced teeth 
Similarly, lanced nameplates or labels 
attach easily to equipment or instru 
ment panels by pressing into the sur 
face 


~<—CIRCLE 64 ON READER SERVICE CARD 


rubber in 


METAL REINFORCEMENTS and 


moul 




















LJ 


INTERLOCKING SLOT and tab 
connects two pieces of tubing. Joint is 
permanent if inner tubing has thick 
wall. If inner tube has thin wall 

tab can be depressed and tubes pulled 
apart if desired 
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12 Plo 
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LANCED FLAPS provide large contact 


areas for brazing or soldering sheet 
An 

for round bars o1 
pipe is an embossed collar around the 
hole. However, for angular shapes, 


flaps are easier to make 


metal fins to bars and pipes 
alternate method 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 
































Motion detector senses low speed .. . 
1 at all. Senses increments of rotary motions as little as, or less than 
lso be utilized to detect linear motion by simple conversion to rotary 
ion of driveshaft forces sensing blades, partially submerged in silicon« 
up ind away from contact plate, opening circuit. Continuous rotation 
to plane on oil. Upon stopping rotation, blades swing down and con 
tact plate again, closing circuit. Can be constructed to close circuit at zero, prezero 
r for time-delay functions in response to motion in either direction. Device, housed 
nylon, is approximately 24 in. high and weighs a few ounces. Operates in tem 
eratures of —40 to 240 F. Reported not to be affected by magnetic fields. Originally 
igned to prevent automobiles with automatic 
ling in gear 


transmissions from creeping whilk 
Available in limited quantities for specific applications. Research Div, 
Gaylord Products Inc, 1918 Prairie Ave, Chicago 16. 

Circle 300 on Reader Service Card 


Precision shafts for miniature bearings . . . 
ul nt ss ground of Type 303 stainless steel in diameters selected for free 
light pu h fit into the bores of the nine standard-size miniature bearings. Available in 
stock lengths ranging from Ys to 3 in. for 0.0463 in. bores, to 14 to 6 in. for 
3125 in. bores. Stock lengths are in about 20 steps for each diameter, with steps 

ted statistically on basis of most frequent use. Ends are chamfered 45° for 0.010 in 
Surface finish is ground to 10 microin., and shafts are passivated. All standard items from 
tock. Prices range from 62¢ to 90¢ each for lengths under 4 in.; $1.75 for lengths of 
+ in. and over. MCO Industries Inc, PO Box 1711, Rochester 11, NY. 

Circle 301 on Reader Service Card 


Silicone and epoxy-silicone . . . 
rubber combinations are room temperature 
weight 


vulcanizing. The silicone formulation’s 
said to be roughly 4 that of comparable commercially available materials. 
Epoxy-silicone compound has good adhesive properties and retains flexibility after heat 
aging for prolonged periods to 450 F.. Other materials available for service up to 600 I 
Introductory kits, at $10, from stock. Emerson & Cuming, 869 Washington St, 
Canton, Mass. 


Circle 302 on Reader Service Card 
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Fhp-motor brushes . . . 
are externally removable for ease of mainte 
nance. Series motors are intended for lov 
t application to appliances and light 
luty industrial equipment About $5 in 
production quantities. Delivery, 5 wk 

Redmond Co Inc, Owosso, Mich. 
Circle 303 on Reader Service Card 


Ultrahigh-strength steel . . . 
S vacuum induction melted ror appli i 
tions requiring high-working stresses, such 
as railroad car springs, valve springs and 
torsion bars. Carbides are said to be well 
distributed throughout matrix with no 
vidence of segregation. Metals Div, Kel- 
sey-Hayes Co, New Hartford, NY. 

Circle 304 on Reader Service Card 


Miniature inertia switch . . . 
preset to respond in 0.015 sec to acceler 
ation forces from 1 to 25 g within toler 
ince of +5% of setting. Precision-ground 
e] ball is held against solid base by uni 
form magnetic field. When opposing for 
f acceleration exceeds magnetic force, ball 
moves to close normally open electrical 
ontact. Said to meet environmental speci 
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fications of MIL-E-5272 
tion in 65 to 200 I Switch 
itilized for control or limiting appli 


when actuated by acceleration, de 
n, impact and/or shock. Inertia Switch 
Inc, 311 W 43rd St, New York 36. 


Circle 305 on Reader Service Card 


Thermoformed plastic 
cushioning . . . 
absorbs shock, 
1000 thermoformed 
sq ft each act as an independ 
Noncellular material 


if nonabrasiv 


motion and vibr 


tinuously 


orb moistul 


: and tral 


is much as ¢ less than 
materials. Said to 
ture range of 
sealing, and t 
Also reported I 
acids, alkalis and i 
Preservation Packaging Inc, 1407 
Hillside, NJ. 
Circle 306 on Reader Service Card 


Chest 
nut Ave, 





Miniature selector valve . 
for 3000-psi pneumatic and hydra 
vice measures 2 x Valve f 
tional flow has microfnish sliding 
which are wear-compensating. Line 


aids Se aling Max 


c 
] ) ! 
16 in. Body 


ire 


with stainless : 
handle is said to offer better panel 
handhold and leverag 


Available in two-, thre and four-way 


nce Incr¢ ised 


models, sizes 4 and 3 in. internal straight 
thread gasket seal and internal pipe-thread 
connections. Republic Mfg Co, 15655 
Brookpark Rd, Cleveland 35. 

Circle 307 on Reader Service Card 


Explosionproof 250 in.-oz 
synchronous motor .. . 

for operation in hazardous areas 
approved for Class 1, Group D servi 
Withstands internal gas 


ions and prevents ignition of surrounding 


ind vapor exp! 


external gas and vapor by internal spark 
flash or explosion. Can be started, stopped 
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shaft can be nverted into 


reversed instantly with single pole, three 


position switch. One revolution of motor 


200 steps by 
ipplying dc voltage to field windings. In 

it is 120 v, ps, single-phase ( 
imp max curt ps. Output s] ed 


73 lb. Plan 
application 


2 rpm at 60 cps 
tary-gear type iV uilable for 
that require torque of ( in.-oz and speed 

f 16.6 rpm + sear Electric Co, Dept 
SS, Bristol, Conn. 


Circle 308 on Reader Service Card 


Modular-built static relay 
has stacked or layered construction wh 
Re lay 


permits design modifications 


ported to offer operating life of 1 mill 
ycles min; operate time approximately 
time of about 
contact 


snap-action 


' 
i microsec, reicase 


mucrosec; no contact bounce: 


lated from control circuit; 


switching with varying input voltage, and 
resistance to shock of 100 g and vibration 


of 30 g to 200( cps For ambient tem 


peratures of — 67 to 159.8 F. Max operat 
ing current at operating voltage (30 v dc 


max) is 60 mi liamp Weighs 10 oz. Con 


trols Div, Leach Corp, 5915 Avalon Blvd, 


Los Angeles 3. 
Circle 309 on Reader Service Card 


Precipitation- hardened ae 
is vacuum-induction-melted nickel-bas< 
alloy for aaaitaiten 
high stresses at intermediate 
of 1000 to 1500 F 

high spe ed cobalt 

speeds and heavy fc 

standard inert-gas 

using filler wire 

aid to be formed 

tion and to have 

about 45,00) 
strength of 10( Harden 
ing, room temperature yield strength 


; ] fr 


0,000 psi und ultimate tensile streng 


£ 
] 
i 


i 
] 
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is lf Metals Div, Kelsey-Hayes 
Co, Middle Settlement Rd, New Hart 
ford, NY. 
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Tank gaging of problem —_ 
l as low-viscosity materials 
ieating for handling, liquid 
volatile fluids, 
vith mercury 
purge-bubbler 
of bubbler ] 


ead pre 


; \ 
fo t Exactel Instrument Co 
185 Evelyn Ave, Mountain View, Calif 
Circle 311 on Reader Service Card 


Quick-release pins . 
are said to eliminate cott 
its without 


th extra-large 


increased 

stainless st 
ins are activated by silicon 
ill hold against vibration 
ized holes. Alignment is 
olid tapered end. Availabl 


in. and up in stainless ste¢ 


] 
r shear-load pins 
onnect and disconnect | i 
d. Waldick Engineering Co, PO 
Box 398 Huntington Sta, NY 
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How United States 
Testing Company helps 


SELECT 
THE BEST 
COMPONENT 
FOR 
YOUR 
PRODUCT 


Chambers for all 


~ 


A 


Trouble-free performance of a missile 
control demanded a power unit 

that would take severe environments 
and a heavy duty cycle. The 

control manufacturer’s tight schedule 
and overloaded testing laboratory 

led him to call in United States 
Testing Company. 


Our engineers set up an evaluation 
program to “lock in” with his tight 
schedule...tested each competing 
power unit in environments of heat, 
cold, vibration, and acceleration 
..and submitted a “performance 
profile” for the best one...ahead 

of schedule...and within his budget. 


Our complete evaluation facilities 
...and engineers who knew where a 
product would “give” first... 
spelled quick testing service...high 
reliability ...and low cost. 

Why not write or phone us about 
your evaluation problem. 


Send for free bulletin 
describing our evaluation 
and R/D services 


United States Testing Co., Inc. 
1415 Park Avenue, Hoboken, N. J. 


Branch Laboratories 


68 


BOSTOM - BROWNSVILLE + DALLAS + DENVER ~ LOS ANGELES 
MEMPHIS + MEW YORK « PHILADELPHIA~ TULSA 


CIRCLE 68 ON READER SERVICE CARD 


COMPONENTS * MATERIALS * PROCESSES 
continued 
hr in l-hi 


rements or 10,0( 


Weight, including hermeticall 


in 0.1-hr in 
increments 
sealed casi 1.6 oz; size U.605U in 
dia x 1.730 in. Withstands 


to 165 F, 2( 


ng, 1s 
temperat re 
n from 65 
r 100 t 

I t 


variatx 
c 2000-cps rang 
hock; 115 or 26-v, 40 
ving | w max at 0 ump are avail 
al for testing or application Elgin 
Micronics, Div of Elgin National Watch 
Co, 366 Bluff City Blvd, Elgin, Ill 
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¥-in. valves for manifold . . 
mounting are available as single- cr do 


solenoid, spring-re 


turn types 
or four-way operation, two 
1um and al 
fluid seven 


Direct-acting 


thon, for air, va 


hydraul 


in enters 

mounted 
q ipped with built 

on box. Solenoids ar 
stant-duty type and ar 
nanual actuators. Both soler 
x covers are chained to 


Offered furnished with 
x to JIC standards 
Co, Wilmington, Ohio. 
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standard equi} 


Beckett-Harcum 


ment ¢ 


Heavy-duty directional valves 
for 2000-psi 3 


ities are 


seTVICE IN 2 > 1d gpm 


built in 
mits for | 
Offer differential pr 


valves capable of bypassing full lin iy 


val mobil 


tions 


ties, ample cross-sectional areas and n 
mum of directional changes with 

internal surfaces, and internal load check 
Century Engineering Co, Waukesha, Wis. 
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400-position rotary switches 
utilize removable Switching 


transferred from one wafer to next through 


waters 


ontrol unit and associated 


Any standard multiposition 


geneva gear 
ontrol water 
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and the rest is easy! 


’ 








Refer to any drawing in seconds 
with the Recorpak Film Reader 


=RECORDPK 


(Subsidiary of Eastman Kodak Company) 


originator of modern microfilming 
—now in its 33rd year 


IN CANADA contact Recordak of Canada Lid., Toronto 
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RECORDAK Precision Microfilming more than meets 
DOD requirements of 120 lines per mm resolution 
at 30 to 1 reduction ratio! 


Your drawi 


tives or posit! 


images with remark 


cost 35mm film. Mounti 


on aperture « irds 
dependal i€ aS it 1s 

Makes reference easier! \ 
in RecorpDaAKk Film Re 
top to bot 


casyv to 


Makes **printmaking’’ easier! 


hilm pi 


Free booklet 
M cro! 


Pp 
A 


Cir 





patterns produced by 


c tools available for 


models 


ever 


nc 


photographed 


reasing perfect 


with polorized ght are one 


nm of Malleable iron castings 


For Greatest Strength Per Dollar...Use( Malleable 


more 


ferro. 


¢ 


surpassed macf 


See for y 


iS OF 


juality ar 


an Malleable iro 


jollar other metal 


is! Witt 


strength per 
non-ferr Malleable you als« 
roven toughness inifornm juality and 


nability 
eabie castings w 
Send 


irself how 


our costs 


f Malleable 


ngs 


gth Ct terist ) 


te page, or Malleabie Cast 


ara 


oun 


ror 


Umon Commerce Build ng 


Ss Symbol 


Cast 


ngs a 


urements t 


wi splay: 


ny of the progre 
Cleveland 14 





“Value Analysis” Proves— 
Malleable Castings Improve Quality, Reduce Costs 


When “Value Analysis” is your task, consider these 
outstanding advantages of Malleable iron castings: 
more strength per dollar than any other metal, ferrous 
or non-ferrous; exceptional machinability; metal exactly 
and only where it is needed; job-proven toughness. 


Wide Range of Desirable Properties Available in Malleable 


Standard and pearlitic Malleable irons are available 
with strengths ranging from 50,000 p.s.i. to 120,000 
p.s.i. tensile. 

Note in this table the high ratio of yield strengths to 
tensile strengths — especially important to you because 
yield strength is generally the measure of useable strength. 


TENSILE PROPERTIES—A.S.T.M. MINIMUM SPECIFICATIONS 


Standard and Pearlitic Malleable trons 





Yield as a 
Percent of Tensile 


Tensile Strength Yiela Strength 
Designation p. s. i. p. s.i 


Standard 
35018 


32510 


Pearlitic 
45010 


45007 
48004 
50007 
53004 
60003 
~ 80002 


53,000 35,000 66 
50,000 32,500 


65,000 45,000 69 
68,000 45,000 
70,000 48,000 69 
75,000 50,000 67 
80,000 53,000 66 
80,000 60,000 75 


100,000 80,000 80 

















Strengths up to 135,000 p.s.i. tensile and 110,000 p.s.i. yield are 
produced commercially under individual producers’ specifications. 


Other Mechanical Properties 
Standard Pearlitic 
Modulus of Elasticity in Tension, p.s.i 25,000 000 26,000,000 — 28,000,000 
Ratio of Fatigue Strength to Tensile Strength 0.54 0.40 — 0.50 
Shear Strength — % of Tensile Strength 80 — 90% 70 — 85% 
Torsional Strength Approximately equal to Tensile Strength 
Compressive Strength, p.s.i. 200,000 250,000 


Switch to Malleable Saves 47% on Railroad Car Thrust Collar 


One of countless examples of cost reduction obtained 
by changing from other materials or processes to Mal- 
leable castings is this thrust collar used on railroad 
maintenance cars. While the steel part formerly used 
performed satisfactorily, it cost 99¢ before machining. 


The cost of the standard Malleable casting before 
machining is only 51.7¢ — a saving of 47.3¢! Added to 
this, four machining operations — drilling of bolt hole, 
spot facing for bolt head and nut, milling the sleeve 
slot and sawing the transverse slot were eliminated 
by switching to a casting. All remaining machining 
operations are improved due to Malleable’s exceptional 
machinability. 


Former part before 
machining (99¢) 


Malleable casting 
before machining 
(51.7¢) 


Cost-Saving Engineering Assistance Available 


The kind of engineering assistance that cut costs and 
improved product quality for these companies and 
thousands of others is available to you from any of the 
progressive producers of Malleable castings that are 
members of the Malleable Castings Council. Start in- 
creasing your product profitability right now — con- 
tact any of the companies listed below. 


Free Information Folder 


Your copy of an informative folder, 
Data Unit 110—-Malleable Castings in 
the Value Analysis Spotlight, is avail- 
able free from the Malleable Castings 
Council, Union Cornmmerce Building, 
Cleveland 14, Ohio, or from any mem- 
ber company. 





For Service In Your Area Contact... “ASSACHUSETTS 


For Quality and Economy...Use 


Belcher Malleable Iron Co 


a oe Oe ae | 2 


Easton 





CONNECTICUT 


Connecticut Mall. Castings Co., New Haven 6 
Eastern Malieable tron Co., Naugatuck 
New Haven Malleable tron Co., New Haven 4 


DELAWARE 
Eastern Malleable |ron Co., Wilmington 99 
ILLINOIS 


Central Fdry. Div., Gen. Motors, Danville 
Chicago Malieable Castings Co., Chicago 43 
Moline Malieable tron Co., St. Charlies 

National Mail. and Stee! Castings Co., Cicero 50 
Peoria Malleable Castings Co., Peoria 1 

Wagner Castings Company, Decatur 


INDIANA 


Albion Malieable Iron Company 

Muncie Division, Muncie 
Link-Belt Company, Indianapolis 6 
National Mail. & Steel Castings Co., Indianapolis 22 


1OWA 
lowa Malleable tron Co., Fairfield 


MICHIGAN 


Albion Malleable tron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 
Cadillac Malleable tron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 
MINNESOTA 


Northern Malleable tron Co., St. Paul 6 
MISSISSIPPI 


Mississippi Malieable tron Co., Meridian 
NEW HAMPSHIRE 


Laconia Malleable Iron Co., Laconia 
NEW YORK 


Acme Stee! & Mall. lron Works, Buffalo 7 
Frazer & Jones Company Division 
astern Malieable Iron Co., Solvay 
Oriskany Malleable tron Co., Inc., Oriskany 
Westmoreland Mall. tron Co., Westmoreland 
OHIO 
American Malleable Castings Co., Marion 
Central Fdry. Div., Gen. Motors, Defiance 
Dayton Mall tron Co., Ironton Div., lronton 


Dayton Mail. iron Co., Ohio Mall. Div., Columbus 16 
Maumee Malieabie Castings Co. Toledo 5 

National Mail. and Steel Castings Co., Cleveland 6 
PENNSYLVANIA 


Buck tron Company, Inc. Philadelphia 22 
Erie Malleable iron Co., Erie 

Lancaster Mallieable Castings Co., Lancaster 
Lehigh Foundries Company, Eastor 

Meadville Malieable |ron Co. Meadville 
Pennsylvania Malieable iron Corp., Lancaster 


TEXAS 


Texas Foundries, Inc., Lufkin 
WEST VIRGINIA 


West Virginia Mall. Iron Co., Point Pleasant 
WISCONSIN 


Belle City Malleable tron Co., Racine 

Chain Belt Company, Milwaukee | 

Federal Malleable Company, inc., West Allis 14 

Kirsh Foundry Inc., Beaver Dam 

Lakeside Malleable Castings Co., Racine 

Milwaukee Malleable & Grey lron Works, Milwaukee 46 
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3 WAYS BETTER 


ALBION'S NEW 
SERIES 16 CASTERS 


Another completely new . . . completely practical 
Albion industrial caster series developed to serve a 
broader variety of applications. Conservatively rated 
as medium duty casters, yet constructed for longer, 
better . heavy duty, maintenance-free service 
They're three ways better, and here’s why: 


], More capacity 


The new Series 1€ Casters offer Albion's finest, most 
dependable construction advantages such as ‘‘cold- 
formed"’ steel yoke base and top plate with heat-treated 
raceways for smoother, lasting maneuverability under 
greater capacity loadings. 


2. MORE WEARABILITY 


Albion's Series 16 Casters are available in nine different 
high capacity or floor protective wheel types in diameters 
of 3%" to 8” with a capacity range of 140 to 900 Ibs. per 
wheel. Sound engineering, quality materials and crafts 
manship plus Albion's many outstanding construction 
features are combined to afford a caster that will last and 
last and last 


3, LESs cost 


Although built to Albion's exacting quality standards 
the Series 16 cost you far less than most ordinary casters 
of the same size or capacity ratings. And they are 
available-all models—right now! 

RIGID CASTERS 


Albion's Series 
16 Casters are 
available as 

ar hastiliil’ Male iie, 
models in 9 wheel 
types—3'% to8 


wheel diameters 


Remember . . . if you want longer, 
better service plus caster versa- 
tility at a savings you can count 
—be sure to get all the facts and 
figures from Albion. 

Write—wire or phone today for your 


copy of the new illustrated specifica 
tion sheetson Albion Series 16 Casters. 


ALBION 


INDUSTRIES,INC. 
Albion Michigan 
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hed. Switches 
vith manual, motor 
r solenoid drive. Wafers are available in 
standard XXXP with solver-plated etched 
ircuitry or in epoxy glass with nickel 
rhodium ot Id-p ited rcuitry, Com 
ponents be included in wafers. Also 
es that handle up to 100 
po tions ‘rice varies with number of 
positions and switch si Delivery, 30 to 
f pee Chicago Dynamic Industries Inc, 
Precision Products Div, 1725 Diversey 
Blvd, Chicago 14. 
Circle 316 on Reader Service Card 


——_— 


Removable contacts . . . 

in crimp and solder types for wide variety 

of wire Sizes I iat ichieve hig 

ontact retention in all applications ~ 

lowe! illivolt drop ket contacts are _ INTERESTED 
machined from electrical grade A phosphor 

bronze; pin contacts are mac hined from 

high-conductivity commercial bronze — 


have hard ld alloy plating 


- I vs 
Available for immediate delivery pplied = REINFORCED 
separately to be assembled by user nn 
nector body molding redler lene 
Corp, Union Springs, NY 
Circle 317 on Reader Service Card PLASTICS 9 
* 


WE’D LIKE TO HEAR FROM 

YOU ... if you have a require- 

ment for reinforced plastics— 

particularly one with a diffi- 

had cult applications engineering 
r ; problem. We like the tough 
ones like the jet engine com- 

pressor stage of 700°F mate- 


Extension-plunger switches . rial illustrated—but we’ll take 


sand bos on the easier jobs, too. 
mounting 1 t 
is DPDT' switcl Your problem statement would 
mp, | be welcomed. If you would like 
SPST, SPDT or DPS1 : 
ind SPST or SPDT switch to know more about us we’ll 
teins tine send you information on our 
ip to 4 amp ¢ background of experience and 
vailable for immediate delivery facilities. 


| Continental-Wirt Electronics Corp, 26 W 
Queen Lane, Philadelphia 44. 


Circle 318 on Reader Service Card Write to: 


Vibration isolator FAIRCHILD 
; applications where horwontal thrust PLASTICS BRANCH 


ffered in load capa Fairchild Engine & Airplane Corp. 
per Copiague, L. I., N. Y. 
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..-and where 


High-offset makes a difference! 


It’s the that lets 
combine high-reduction with strength, 


difference you 


compactness and other advantages 
you might find profitable in certain 
applications. For instance 


For smooth operation—as in office 
that 


must run quietly 


equipment 


high-offset pairs 
provide smooth, 
quiet tooth action. 
Because the teeth 
“wrap around” 
the pinion, you 
get continuous action—even with just 


one or two teeth. 


unit 


Where space is a problem 
strumentation—the high-offset 
compact 


you design a more 


“an you use 


Choose just the 

offset to solve your 

design problem 

with a more flexi- 

ble, more compact 

unit than the cor- 

responding worm 

and wheel. 

Where you need strength—as in farm 

machinery —high-offset hypoid pin- 

ions with teeth, which tend to “wrap 

around,” are larger and stronger than 

corresponding bevel pinions. 
High-offset or high-ratio hy poids 

can be cut on the same Gleason equip- 


it profitably? 


ment that is used 
on more familiar 


spiral bevel and 
hy poid rears y ou 
can also use the 
Same testers 
quem hing presses 
and other auxil- 

iary Gleason equipment you're using 
now. Grinders are available for appli- 
cations requiring precision finish. For 


ratios of 1:10 or 1:40 or even higher 


Cet more information by writing 


for free literature. Submit your prints 


for recommendations 


GLEASON WORKS 


1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 
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f. PHOTO BY HAROLD M. LAMBERT 


WHEN STOPPING 


Means FAILURE 
Use a ROSAEN SUBMERSIBLE 
TELL-TALE* FILTER 


@ Can Be CLEANED without STOPPING the PUMP 

® Cleaned from OUTSIDE the TANK—No Valves 
required 

@ SUCTION or RETURN Lines 

@ FILTRATION to 10 MICRONS 

® NO FLUID LOSS 
Except that contained in Filter 





SEE IT CLEANED IN 5 MINUTES 
A 16 mm moving picture is available showing how the 
TELL-TALE") submersible filter can be cleaned in 5 
minutes or less. Ask for it. Phone or Write 


>) THE ROSAEN COMPANY 
4“ 'F7I6E. 9 Mi. Rd. Hazel Park, Michigen, U.S.A. 


*Trade Mark Reg. TELL-TALE filters covered by Patents U. S. and abroad 
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lcomes ENTHONE 
slate 


Heading a ticket pledged to a platform of Quality and 
Service, TECHNIC happily announces ENTHONE 
as running mate, to distribute the Rhode Island firm's 
line of superior soluble precious metals. 

TECHNIC produces the finest in soluble Gold, Rho- 
dium, Platinum and Palladium for electroplating. 
ENTHONE long has held a position of prestige in 
the metal finishing field. 

This progressive team owes much of its success to ex- 
tensive research programs, which have created many 
new products for the industry, and constantly seek 


improvement in established ones. 


fident that our joint “ ST 1-6100 
\ efforts will be of greater imc 
benefit and convenience to ee¢ nici 
our customers, we welcome = os 


the opportunity to aid in ] Foox 0s reovioanc cop tnahes Or "ions 96 ta. 
the solution of their metal 


finishing problems, without 





obligation to them. 442 Elm Street 


subsidiary of American Smelting and Refining Company 
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. continued 


four types. Isolates vibration caused by 
machinery with operating speeds and dis 
turbing frequencies of 350 cpm and higher, 
with average static deflection of 1 in 
Bolting equipment to floor is eliminated 
by use of nonskid, corrugated neoprene 
pads bonded to mounting baseplate. Avail 
able for immediate delivery. Vibration 
Mountings Inc, 98-15 50th Ave, Corona 
68, NY. 

Circle 319 on Reader Service Card 


Unplasticized PVC ball 
valve... 
is produced by molding process said to 
achieve ball valves that are dimensionally 
stable with high impact strength. Com 
pound is reported to meet proposed new 
ASTM specification, to have tensile 
strength of 8500 psi, to be nontoxic, non 
flammable and almost completely non 
aging. Can be heat welded or solvent 
bonded. For service to 140 F. Valves have 
been rated at 125 psi. With Teflon seat 
Positive stops indicate full open and full 
closed positions. Initially offered in 4-, 3 
and 1-in. sizes, all NPT female conne 
tions. Hoke Inc, 1 Tenakill Park, Cress- 
kill, NJ. 

Circle 320 on Reader Service Card 


Bimetal dial thermometers . . . 
for temperature measurement on ferrous 
materials are magnetically attached. Avail 
able in three styles for temperature meas 


urement only; with max reset hand, and 
with electric contactor to permit on-off 
temperature control with electric resistance 
or induction heating. Offered in temper 


continued on page 79 
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ANY CONVENTIONAL HEA ER is the 
field-proven claim made for the new FIREROD. Such 
efficiency in high heat concentration is achieved 
through new and improved methods of locating the 
resistance wire in close proximity to the outer sheath 
and of properly insulating it from the sheath so that 
both maximum dielectric strength and maximum con- 
ductivity of heat are provided. 

This minimum distance between the sheath and 
the wire results in a more rapid rate of transfer. It 
also results in a more efficient transfer, so that the 
sheath temperature more nearly equals the internal 
operating temperature. This means longer operating 
life, as well as higher operating temperatures and 
more concentrated heat for the unit size. 

New manufacturing methods also make possible a 
more nearly perfect concentricity of the unit's diam- 
eter. This means closer fit at the installation, and 
a more effective use of the greater heat created by 


the new FIREROD. 


THERE ARE OVER 17,000 OTHER 
WATLOW UNITS TO MATCH YOUR 
EXACT ELECTRIC HEAT REQUIREMENTS 


Immersion Strip Tubular Cylindrical 


WRITE for descriptive literature 


WATLOW 


ELECTRIC MANUFACTURING CO. 
1392 Ferguson Avenue 
St. Louis 14, Mo. 
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“Spring Action” gives you a leakproof seal 
with J-M SPIROTALLIC? GASKETS 


Johns-Manville makes a specialty of 
building a lively “spring action” into 
Spirotallic Gaskets. Because of their 
superior resiliency, Spirotallic Gas- 
kets can compensate for varying 
stresses and temperature changes 


Oval and round shapes spirally wound 
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... follow minor flange separation ... 
and absorb vibration. Even under 
these difficult circumstances, they 
keep a tight, durable seal. 

This quick adaptability has given 
Spirotallic Gaskets a tremendous 
popularity in the field. Their springi- 
ness is due to the special methods 
and control J-M uses in their manu- 
facture. Spring-like metal strips, 
formed into a special vee shape, are 
alternately spiral-wound with an as- 
bestos filler. The filler does the seal- 
ing ... and the vee shape provides 
the “spring.” 

Another reason for the wide- 
spread acceptance of Spirotallic Gas- 
kets is the fact that when the gasket 


has been compressed the proper 
amount, it reaches optimum per- 
formance for the bolting. Many dif- 
ferent metals and fillers can be used. 
Each metal is color-coded to aid 
maintenance personne! in quick 
identification of the type of metal 
used. 

J-M produces a wide variety of 
sizes and shapes for standard 
flanges. And for special flanges, J-M 
will design and produce a gasket 
with the precise characteristics you 
require. For complete information, 
ask for J-M catalog PK-35A. Write 
to Johns-Manville, Box 14, New 
York 16, N. Y. In Canada: Port 
Credit, Ontario. 


JOHNS-MANVILLE Vf 
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Better products through better methods and steels 


t 5 steps from 
fabrication 
When automotive head and tail 
lamp housings were drawn from cold 
rolled sheet steel and then zinc-plated 
or painted, as many as five or six han- 
dling and cleaning steps were required 
to make them corrosion-resistant. 
Now, fabricated from Weirkote 
continuous-process zince-coated steel, 
the housings go directly from the 
press to the assembly line. Further 


processing is unnecessary 


7 


~ 


because Weirkote can be 


an ne 


It’s this superiority that caused the 
automobile industry to increase its con- 
sumption of zinc-coated steel more 
than 700% in five years; to use it in such 
varied applications as mufflers, window 
channels and the understructures of 
unitized bodies; to take advantage of 
developments such as differentially 
zinc-coated steel that can be welded at 
top production-line speeds. 

A major supplier is Weirton Steel 
Company—producer of Weirkote con- 
tinuous-process zine-coated 


steel sheets and many other 


} _ > 
worked to the limits of the | a | excellent steels that are im- 


steel itself without chipping or flaking 


its ecorrosion-resistant zine surface. 


Look for the STEELMARK 
»n the products you buy; place 


it on the products you seil. 


proving products, methods and profits 


throughout industry. 


WEIRTON STEEL 


Weirton, West Virginia 


Weirton Steel is a division of N AT I Oo N A _. ST E E 5 Cc ©] R P Oo R AT l Oo N 


Weirkote will also be available in 1961 from National's Midwest Steel Division, Portage, Indiana, 





INDIVIDUAL 
A Report To COLLAR LOCK ee — 


Equipment BOLTS ; CUSHIONS 


Manufacturers 


LOVEJOY 

TYPES C and H 
FLEXIBLE 

COUPLINGS 

UP TO 4250 hp. ec 


STEEL OR 
DUCTILE IRON 
CASTINGS 
OUTSIDE STEEL COLLAR 


Installed and  _Just slide on the shaft, bring the jaws together and insert cushions. A 
A | . d twist of the bolts on the outside collar firmly retains the visible cushions. 

ne _ Alignment is equally simple. Just use a straight edge. Gauges are not 
In Minutes required. 


ae Lovejoy Flexible Couplings contain no intricate parts or mechanisms 
Eliminate aac 
that require attention or can cause possible trouble. All parts, including 
Trouble and cushions, are in plain sight for rapid inspection. Lubrication is never 
required. Water, oil, dirt or weather will not harm or in any way 


Service decrease efficiency. 


Calls The best care for Lovejoy Couplings is to put ’em on shafts and let 
‘em alone. 


Bodies are carefully machined from electric steel or ductile iron castings. 

Outlast The load is entirely transmitted by cushion compression, eliminating 
- metal-to-metal contact and resultant wear on metal parts and jaws. 

Equipment ciel 2 

Even the cushions last longer. First, they are furnished in the mate- 

Life rial best suited to the service. Second, on non-reversing loads, their life 


can be doubled simply by reversing or advancing. 


Lovejoy Flexible Couplings can be delivered immedi- 

ately from stock. Heavy-Duty Types C and H run 

from 18 to 4250 hp. at 1200 rpm. in a wide range of 

bore sizes. Other sizes and types run from .05 at 
100 rpm. to 1020 hp. at 1600 rpm. to provide the most 
complete selection of couplings available to industry. 
Request full information and ask for Catalog C-58. 





Give details or specifications for prompt quotation. 


LOVEJOY FLEXIBLE COUPLING COMPANY 


FIRST NAME IN 4841 W. LAKE STREET, CHICAGO 44, ILLINOIS 


FLEXIBLE COUPLINGS Telephone EStebrook 9-3010 + Teletype TWX-CG-85 
SALES OFFICES THROUGHOUT THE CONTINENT 
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ature ranges from —60 to 700 F and are 
said to have accuracies of better than 2' 
Industrial Service Co, 2 Richmond St, 
Providence 3, RI. 

Circle 321 on Reader Service Card 


Brake motor is up to 6 in. 
shorter... 

and said to be as much as 20 Ib lighter 
than standard brake-motor designs of 
equivalent ratings. Frame and endshields 
of brake motor are rigid cast iron. In 
itially offered in dripproof construction 
only in polyphase ratings of 1 through 5 
hp at 1800 rpm i through 3 hp at 12 


rpm and 4 through 2 hp at 900 rpm 
General Electric Co, Schenectady 5. 


Circle 322 on Reader Service Card 


Rotary selector switch . . . 
in 4-pole and 6-pole models is (for each 
switch or pole) UL-approved at 12 amp 
125 v ac or 6 amp, 250 v ac. Circuits at 
double or single throw, normally open or 
closed. Each switch cam is adjustable t 
six positions in increments of 60°. Switch 
is either on or off during complete cycle; 
46,656 permutations or switching possi 
bilities available in six-position switch. Ro 
tation can be automatic or manual, clock- 
wise or counterclockwise. Mechanical stop 
is provided after 300° rotation, or can be 
rotated continuously through 360°. For 
surface mounting or through panel holes 
Available with standard knobs. Columbus 
Electric Mfg Co, 2005 E Main, Columbus 
5, Ohio. 

Circle 323 on Reader Service Card 


Electronic-alarm flowmeter . . . 
measures fluid rate of flow and indicates 
abnormal high or low flows by electronic 
detection. Instruments employ standard 
flowmeter with 5 in., 10 in. or 600 mm 
tube and high-frequency pickup sensing 
coil mounted flush against metering tube 
Coil is adjustable over full range of scale 
and is connected by cable to electronic 
alarm. Can activate warning light or alarm 
device and will start or stop a pump, motor 
or control unit. Available in model requir 


continued on page 81! 
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TRANSFER MACHINE BUILT BY 
BUHR MACHINE TOOL CO., 
ANN ARBOR MICHIGAN 


Automated : 
GIANTS like this \ 


REQUIRE STRONG HYDRAULIC 
HEARTS every MINUTE OF 


THEIR WORKING LIFE 


The prec isioned flow control of 

RACINE PUMPS assures the split- 

second timing and efficiency required 

to operate this complex Buhr Transfer 

Machine . . . custom-built for the com- 

pletely automatic machining of 120 auto- 

cylinder heads hourly for a leading auto 
motive manufacturer. Compact RACINE 
VALVES control feeds and reverse movements 

on all 323 operations performed by the 
machine. RACINE 4-way sOLENOIDS help one 
man operate this mechanical giant. Buhr has 
used RACINE PUMPS and Reservoir Units on custom- 
built machines for the automotive industry for 
over 10 years. 


Racine Hydraulics & Machinery, Inc. 


wAGASE,.  VWree ows x 
HYDRAULICS DIVISION 
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FORMER DRIVE: The high speed operation of Gehl’s 
Cure-All Hay Conditioner caused failure of the 
roller chain drive 


PRESENT DRIVE: Both the limited space and high 
speed requirements were met with this Gates 
Super HC V-Belt Drive. 


Gehl Brothers Manufacturing Company Finds 


Super HC V-Belt Drive handles speeds 


chain drive couldn't take! 


Roller chain drives on Gehl’s Cure-All Hay Con- 
ditioners “would not stand up under the speed of 
operation.” Yet conventional V-belts that would fit 
into the space available could not handle the working 
load for this outstanding line of forage harvesting 
equipment. 

The design problem remained a tough one until 
the introduction of the Gates Super HC High Capacity 
V-Belt early last year. Then the Gates Field Engineer, 
working closely with Gehl Engineers designed the new 
drive shown above. 

“The Super HC V-Belt Drive has eliminated need 
for shear pins and clutches, has increased efficiency, 


and lowered maintenance costs,” is the pleased report 
from Gehl personnel. 


Take advantage of Super HC on your equipment 

Whenever you have a drive change on a new 
model or are replacing belts or sheaves, let your Gates 
Representative show you how Super HC Drives can 
reduce sheave diameters 30% to 50%, drive space up 
to 50%, drive weight and cost as much as 20% 

A handbook, “The Modern Way to Design Multiple 
V-Belt Drives,” is yours for the asking. Simply contact 
your Gates Representative listed in the Yellow Pages. 


TPA 505 


The Gates Rubber Company, Denver, Colorado 


Gates Rubber of Canada Ltd., Brantford, Ontario 


Fn 


World’s Largest Maker of V-Belts 


<a 


Gates Super &2 V-Belt Drives 3:::::::: 
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ing manual reset, which can be used with 
two sensing coils for high and low alarm 
settings and in model with automatic reset, 
which is used with one coil to detect devia 
tions above and below desired flow condi 
tions. Schutte & Koerting Co, Instrument 
Div, Dept M-T, Cornwells Heights, Bucks 
Country, Penna. 


Circle 324 on Reader Service Card 


Solid urethanes... . 
can be compounded to customer specifica 
tions in roll, sheet, tube, rod and cast 
parts for industrial applications. Proper 
tics such as high tensile strength, resilience 
abrasion resistance, elasticity, superior 
hardness, rigidity, load carrying, oil 1 
sistance, oxygen and ozone resistance can 
be combined in varying degrees to satisfy 
individual needs and on reproducible basis 
Armstrong Cork Co, Industrial Div, Lan 
caster, Penna. 

Circle 325 on Reader Service Card 


Heavy-duty photoelectric relay 
in two types, for operation at up to 2400 
ft and for use under 100 ft, is suitable for 
use in atmospheres dense with foreign 
matter and where extraneous light source 
ould cause false operation in conventional 
unit. Modulated signal beam is said not 
to be affected by other light sources 
Pulsed light signal has to be completel; 
broken to operate relay A 0.1-sec inter 
ruption of signal beam will operate cither 
relay Max operating rate is 600 opera 
tions per min, Clark Controller Co, 1146 
FE 152nd St, Cleveland 10. 

Circle 326 on Reader Service Card 


Bronze globe and check valves 
have working pressures of 2500 psi cold 
water, oil or gas (water and oil ratings ar 
nonshock). Features 45° seat (flat to flat 
14 and 2 in. valves are furnished with 
bolted bonnets with O-ring gasket and 
have handwheels instead of lever handles 
Crane Co, Industrial Products Group, 155 
N Wacker Dr, Chicago 6. 

Circle 327 on Reader Service Card 


Reinforced-plastic shapes . . . 
ire available in one or more of five differ 
ent fiberglass and resin combinations. ‘Ten 
sile strength ranges to 55,000 psi; com 


pressive strength to 90,000 ps Spe th 


continued on page & 
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BSVILT BY APEX CORP., 
ROSEV LE, MICHIGAN 


This active 
hydraulic = 
heart helps \ 


SEAL POROSITY IN 106 TRANS- 
MISSION CASES EVERY HOUR 


A RACINE VARIABLE VOLUME PUMP and 

10 RACINE VALVES control all mechani- 

cal operations in this Apex impregnat- 

ing machine, which seals leaky 
transmission cases at a major auto firm’s 
transmission plant in Toledo, Ohio. Apex 
specified RACINE equipment because its de- 
sign simplifies machine design problems . . . 
eliminates the need for extra pumps and valves. 
RACINE PUMPS are easy-to-control . . . handle 
pressure compensation automatically lor varying 
gpm requirements. Apex has preferred RACINI 
for over 10 years! 


Racine Hydraulics & Machinery, Inc. 


'rPmAaG€tOeB.« Wtseeewstt ws 
HYDRAULICS DIVISION 
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POLYETHYLENE 


PROFIT PARADE 


Grace Plastic Upgrades New Appliance Model 


3. The plastic’s sound-deadening properties are utilized 
to help make the Disposer operate “‘whisper quiet.” 


The new Citation Model National Disposer shows how 
the use of Grex high density polyethylene results in up- 
grading a product to increase its consumer appeal. 

Made by the Plumbing Equipment Division of Na- 
tional Rubber Machinery Company, the appliance grinds 
food wastes into micro-sized particles that wash down 
the drain. Its primary appeal is freedom from garbage- 
handling chores. Three additional sales-stimulating fea- 
tures are direct results of specifying Grex for the housing: 

1. Freedom of design due to the moldability of the 
Grace plastic provides clean, fresh styling. 


2. A choice of attractive colors is offered. Colors are 
molded into the Grex housing—can’t peel, chip or fade. 


In addition to these features, the housing is strong, 
rigid and virtually indestructible. It cannot rust, is unaf- 
fected by chemicals normally corrosive to other materials 
and withstands the high temperature of boiling water. 

If you are looking for ways to upgrade your product it 
will pay you to find out exactly what high density poly- 
ethylene has to offer by calling in the experts. Grace has 
the production, technical, and marketing facilities to help 
put your product in the Grex profit parade. Everyone 


says we're easy to do business with. 


Grex is the trademark for W. R. Grace & Co.'s Polyolefins, 


w.r.GRACE «co. 


POLYMER CHEMICALS DIVISION 
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GRACE 
ECHNICAL 


What are the advantages of using Grex 
to make a product prototype? 


The prototype for the new model Na- 
tional Food Waste Disposer shown here 
was vacuum formed from Grex sheet in 
»ur Clifton Laboratories. Whenever pos 
sible, prototypes of products designed for 
production with high density polyethylene 
should be made of the same material 
This is the best way to see how the prod 
ict will look and feel before costly molds 
ire built and production actually started 

Helpful in marketing. Although most 
»rototypes are required from an engineer 
ng standpoint they are often useful to 
suide marketing decisions as well This 
was the case with the Grex prototype of 
the National Disposer. The object was to 
determine, in advance of production, how 
the trade would react to the new model! 
by presenting prototypes or samples that 
come as close as possible to the finished 
product 

Grace’s part. Working from the manu 
acturer’s engineering drawings Grace de 
signed wooden molds and vacuum formed 
a number of samples from Grex sheet 
The samples were sent to the manufac 
turer for finishing (trimming of flash and 
drilling the necessary holes), and returned 
to Clifton for surface finishing. The sam 
ples were completed in time for display at 
an important trade show. Trade reaction 
was highly favorable, just as you would 
expect from reading about the product on 
the opposite page. 

You are invited to take advantage of 
Grace technical service. Perhaps we can 
help you by making a Grex prototype for 
your high density polyethylene applica 
tion. Or perhaps you need assistance on 
other aspects of design or production of 
high density polyethy lene parts. If so, now 
is the time to contact 

Technical Service Department 
W. R. Grace & Co., Clifton, New Jersey 
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volume is 118.7 Ib per cu ft max. Angl 


sizes from 4x 4 


are available in 73 | 


eo 
040 in. to 64 x 64 


$x 0.5 in. Structur 
shapes can be machined or drilled, rivete 
or bonded. Molded in color for identif 
Commercial Products 
Div, Plastic Age Mfg Co, 14300 Daven 
port Rd, Mint Canyon, Calif. 

Circle 328 on Reader Service Card 


cation purposes 


Multiple pushbutton switches 
in illuminated and nonilluminated types 
are available in two to 16 buttons per rov 
vith moment mul 
k-button a 
ism is availabl 
itton from 
minated 
with fr 1F I 
Max de; ull panel 
for illuminated model and 23 
illuminated model Button pr 
about 1 Ib for single-pole switch and 
14 Ib for three-pole switches. Switching 
Controls Corp, 8222 Lankershim Blvd, 
N Hollywood, Calif. 


Circle 329 on Reader Service Card 


Indicating temperature cutout 
is offered in model that will not shut off 
ipon line-voltage failure and model that 
will. In addition to cutout function, d 
vice can be used to sound alarm and 

light signal upon excess temperature 


dition. Can also be 


perature cutout 


supplied as low-t 

k.xcess-temperature } 
troller is available in 11 
0-400 to 0-3000 F, as well as an environ 


mental test chamber range of 100 to 


ranges trom 


| Alnor Instrument Co, Div of 
Illinois Testing Laboratories Inc, 418 N 
LaSalle St, Chicago 10. 

Circle 330 on Reader Service Card 


Direct-printed circuits . . . 
wre reproduced on ceramics and 


th ircuit thickne between 
ind 1010 in. In most instance 
tolerances can be held to + 
terns can be applied on 
cones and other geometri 
ink used for ul 

obtair 

resistan 
ohm-cm riving normal printed lin 
sistivity of | }. J Frank Motson 
Co, Flourtown, Penna. 

Circle 331 on Reader Service Card 


Right-angle gear package .. . 
delive Construct 


ivers 8 hp at 


my 


nabk 


i : } iit in 
t haft Weis Crown Gear 
Div, Harrington & Richardson Inc, Wor 
cester 10, Mass. 

Circle 332 on Reader Service Card 


Strain-gage waterproofing .. . 
mpounds are offered in 
Included ar fie 


om and med 


xperiment 


me coatings for sen n 

it to 600 F. Strain Gage Acces 
sories Co, PO Box 281, Northridge, Calif 
Circle 333 on Reader Service Card 


Templet 


ind 1 


for hex screw heads 
s ; 1 


1 tor ind } \ \ h Tang¢ 


flat 


l2 hexagon I ind chamf 


nt Made of natte-finish | la 


7 _— 


t with over-all eof 8 x 23 in. P 
$1.5 Rapidesign Inc, PO Box 429, Bur- 
bank, Calif. 

Circle 334 on Reader Service Card 
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it’s DELRIN' 


You get metal-like properties in 
these new, plastic, prevailing- 
torque lock nuts: excellent 
strength, rigidity and dimensional 
stability. 

Recommended for light metal 
assemblies, toys and similar fast- 
ening... they can save about half 
the cost of aluminum lock nuts. 

Available in #10 and 4” sizes, 
the RB&W open end acorn nuts 
have holding strength of 500-700 
lbs in straight tension. Prevailing 
torque (a measure of its locking) 
is 8-10 in-lbs for the #10; and 12- 
15 in-lbs for the 4”. The nut forms 
its own thread. Pigmented gray is 
standard; other colors available in 
production quantities. Reusable. 
Send for samples. 

Ask about other sizes and styles... and 

other parts custom molded from Delrin or 

other thermoplastics in production lots. 
Write Russell, Burdsall & Ward 
Bolt and Nut Company, Port 
Chester, New York. 


*DuPont trademark 


RB-W 


116th year 
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The Mechanisms of 

Fatigue 

J C GROSSKREUTZ & FRED R ROLLINS, Mid 
west Research Institute. (WADC Report 59-192) 


Office of Technical Services, Dept of Commerce, 
Washington 25, DC. 82 x 11, 64 pp. $2 
X-ray and electron microscope tech 
niques show that scattered orientation 
of subgrains is the most pronounced 
structural change that shows up in 
fatigue. ‘These grains form within the 
first 15% of the fatigue life and 
cannot be removed by subsequent 
annealing at high temperatures. ‘This 
report on copper and aluminum in 
cvclic 


stressing also discusses why 


fatigue cracks originate 


Self-saturating Magnetic 
Amplifiers 


LYNN, PULA, RINGELMAN, TIMMEL. McGrow 
Hill Book Co Inc, 330 W 42nd St, New York 
36. 6x 9, 217 pp. $8 

Here is a thorough treatment of 
self-saturating magnetic amplifiers 
Facts on their operation, and precise, 
accurate design techniques show you 
how to design complex magnetic 
ymplifier circuits with a minimum of 
experimentation. The true operation 
of a physically realizable amplifier is 
explained in line with readily obser 
able laboratory phenomena, and ideali 
zations of functions ar 
made only after the real conditions 


are discussed. 


nonlinear 


Among the subjects covered are the 
basic assumptions involving circuital 
laws; modern techniques for dealing 
with the 
saturating magnetic amplifiers; trans 
former theory; feedback-control theory; 
and magnetic 


transient behavior of self 


theory. In addition, 
there are facts on the design of mag 
netic amplifiers; testing methods ap 
plicable to magnetic-amplifier core 
material; a logical method for pursu 
ing a design from application to fin 
ished amplifier; and a number of com- 
monly encountered design problems 


The Electric Arc 


J M SOMERVILLE. John Wiley & Sons Inc, 
440 Park Ave South, New York 16. 4 x 6! 
150 pp. $2.50 


The book is for the nonspecialist, 
but is a complete, concise monograph 
on the electric arc, making clear the 
basic physical phenomena which op 


erate when a large electric current 


passes through a gas (including ai 
Following a short introductory chap 
ter, Part I of the book treats stable 
arc discharge. with an 
account of the properties of the arc 


Beginning 


column and how they are measured, 
it discusses, among other topics, the 
nature of the energy transfer to and 
from the column, the use of the 
column as a source of light, and the 
possible production of thermonucleat 
high 


reactions. in temperature - ar 


columns. ‘The complicated situations 
prevailing at the electrode-column 


junctions are then described, and 
when no generally agreed interpreta 
tion exists, the author outlines the 
various competing theories. Part II 
describes the various approaches to 


the stable arc, particular attention 


being given to the approach via th 
spark 
Much 


not previously been available 


of the material in the book 


glish. There are a large number « 


the majority cite recent 


ABSTRACTS 
FROM THE LITERATURE 


Effect of Strain on 
Tensile Properties 
De S( ribe S 


determine 


undertaken t¢ 
effect of 
strength of 


research 
more exactly th 
strain rate on dynamic 
certain materials and to extend th 


strain rate at which the strength had 


Materials included in 


the test program: cold-rolled steel, six 


been measured 


iluminum alloys, uranium and lead 


“The Tensile Properties of Some Engineering 
Steidel 
and Makerov, Lawrence Radiation Laboratory 
ASTM Bulletin, July ‘60. American Society for 
Testing Materials, 1916 Roce St, Philadelphia 
3. 


Materials at Moderate Rates of Strain, 


Human Power Capacities 
and Limitations 

Presents data for human power gen 
Also dis 
cranking 
through small radii, cranking through 
large radii, 


eration by crank and pedals 


cusses such considerations as 


cranking ‘vs _ control 


trength pot ntials of various type of 


continued on pa 
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ORDER ALTER ORDER 

. ALi ORDE 
-ARTER 0 
ORDER AFTER ORI | ART 
HER ORDER : 


Stainless Sheet...Exactly the Same 
Order After Order..From A-L = / 


Every lot of stainless sheet will go through your 
plant with consistent good results when the stain- 
less is from Allegheny Ludlum. There will be 
none of the hidden costs that come from pro- 
duction delays due to variations. That's be- 

cause A-L stainless sheet is processed under 

strict quality control—from chemistry to, 
finished gage to pickling solutions and f 
right on through the entire cycle 

A-L quality control extends to you, 
the user. Our mill people make regular 
visits to check on the quality being fur- 
nished customers. You need only a phone 
call to get help in processing stainless from Allegheny Ludlum. 

Evidence of the consistent high quality of Allegheny Ludlum stain- 
less sheet is seen in polishing. Often polishing costs of A-L stainless 
sheet are half that of competitive material. Remember, all A-L finished 
stainless sheet stock is made to polishing quality standards. 

For consistent temper, tolerances, and finish in flat rolled stainless 
products, call your Allegheny Ludlum salesman, or write: Allegheny 
Ludlum Steel Corporation, Oliver Building, Pittsburgh 22, Penn- 
sylvania. Address Dept. PE-9. 


ALLEGHENY LUDLUM™M 


EVERY FORM OF STAINLESS EVERY HELP IN USING IT 
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for 
protection 
on light 
metals 


you need QUYDYETD 


PROCESS ENGINEERED 
CHROMATE CONVERSION COATINGS 


Iridite protects against high altitude 
weather extremes and against corro- 
sion by hydrocarbon fuels, such as 
gasoline and kerosene. 


2 >> Iridite provides a highly protective 
non-porous paint base. 


Iridite protects against corrosive 
storage conditions. 


And, Iridite gives you these 
additional advantages: 


ON ALUMINUM—needs only normal pre- 
cleaning. Film withstands cold forming 
or bending. Easily heliarc welded. 
Unusually low electrical resistance. Clear, 
yellow or dye-colored finishes. 


ON MAGNESIUM—short immersion, room 
temperature solution, no electrical equip- 
ment. Corrosion protection relatively 
unaffected by high drying temperatures. 
Applicable to all alloys. Low electrical 
CONVAIR- resistance. Color ranges from light gray 
ASTRONAUTICS to dark brown. 


— 








RIDITE—a specialized line of chromate 
conversion coatings for non-ferrous 
For complete infor- metals. Easily applied at room tem- 
mation on iridite, peratures with short immersion, man- 
Selb tcbenae, ioe ually or with automatic equipment. 
listed under “Plating ~ Forms a thin film which becomes an 


Supplies” in the integral part of the metal. Cannot 
yellow pages. Or, “hi . i j " 
a chip, flake or peel; special equipment, 


NICAL DATA FILES. exhaust systems or highly trained 
personnel not required. 











Iridite is approved under government 
and industrial specifications. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET » BALTIMORE 5, MARYLAND 

BRANCH PLANT, 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 

West Coost Licensee for Process Chemicals | H Butcher Co 

Europeon Agent, Sture Gronberger, Storgaten 10, Stockholm, Sweden 

Chemical ond Electrochemica! Processes, Anodes, Rectihers, Equipment ond Supplies for Meta! Fimshing 


COD’| C9"; CID’) exe") CID 
Chromotes Cootings Brighteners Supphes Equipment 
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DESIGN LITERATURE continued 


hand motions, and some data (Ger 


| man) on pedal-developed power. 


Man-generated Power,” E. S. Krendel, Frank 
lin Institute Laboratories for Research and 
Development. Mechanical Engineering, July 
60, 29 W 39th St, New York 18. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
card inside back cover. 


| SERVO COMPONENTS —Technical text 


56 pp. Sixth edition of text on construc 


| tion, performance, application and testing 


of servomotors, motor generators, tachom 
eter generators and synchros. Includes dia 
grams, charts, outlines, tables, schematics 
definitions and formulas. Kearfott Div, 
General Precision Inc, Little Falls, NJ 
Circle. 350 on Reader Service Card 


AUTOMATION COMPONENTS AND 
CONTROL SYSTEMS—Condensed cata 
log D-31, 24 pp. Specifications and ratings 
of timers, counters and control units, and 
other automation components Automat 
Timing & Controls Inc, King of Prussia 
Penna 

Circle 351 on Reader Service Card 


MINIATURE PULSE TRANSFORM 
ERS—Catalog, 20 pp. Revised, third 
edition covers design and usage of low 
| | transformers. Discusses history 
methods of measurement and theory of 
ipplication. PCA Electronics Inc, 167 
Shoenborn St, Sepulveda, Calif 


Circle 352 on Reader Service Card 


CASTERS—Catalog 12-A, 12 pp. Con 
densed and abridged version of Catalog 61 
which illustrates complete line of casters 
ind wheels. This covers specifications of 
popular asters plus several specialty 
models. Payson-Harris & Reed Inc, 291¢ 
W Jackson Blvd, Chicago 12 


Circle 353 on Reader Service Card 


PLASTIC CABLING AND CIRCUI 
TRY—Bulletin S-9, 8 pp. Includes design 
features, specifications and applications for 
multiconductor flat wire cable, multilayer 
circuitry and flexible etched cable, cit 
cuits and laminates. International Resist 
ance Co., 401 N Broad St, Philadelphia 8 

Circle 354 on Reader Service Card 


MAGNETIC GAGES-—Catalog 388, 6 pp 
Covers features, models, construction and 
operation of liquid level gages for use 
where glass and its gaskets cannot be toler 
ited and where sealed container for liquid 
is preferable. Jerguson Gage & Valve Co 
80 Adams St, Burlington, Mass. 

Circle 355 on Reader Service Card 
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IBM 1620 data processing system 


...the most powerful engineering computer in its low price class 


The new IBM 1620 is a desk-size engineering computer that offers you more 
computing ability per dollar than any system in its price class. 
Cransistorized throughout, the IBM 1620 has a 20,000-digit magnetic core 
memory with variable field length and immediate accessibility. Its input- 
output notation, on paper tape and console typewriter, is in convenient 
decimal arithmetic. It can perform more than 100,000 calculations a minute 


and is easily adapted to your engineering problems. 


Easy to learn, easy to operate, easy to communicate with, the low-cost 1620 
helps free your engineering talent for more creative work. And in keeping 
with our concept of Balanced Data Processing, the IBM 1620 is supported 
by extensive services. This includes a comprehensive library of mathematical 
routines and specific industry programs to permit you to put the 1620 to 
work without unnecessary delay 


Ask your IBM representative about the unique advantages of the IBM 1620. 
Like all IBM equipment, it may be purchased or leased 


balanced data processing 
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NOW! . AIDS LUBRICATION 

MORE PUMPING CAPACITY UNIQUE STABILIZATION 

AT LESS COST * WITH VIKING’S ALLOYS READILY 
STAINLESS STEEL 







Metal, wire, foil 
ribbon, pellets, spheres, 
powders, ‘‘indalloy”’ solders, etc. 


eooeseseess? 
eooee® . 
a You get more pumping capacity trom Pee, 

eo" these new Viking heavy duty stainless steel” pumps because *e 
e* they can be operated up to 100% rated speed. By increasing the speed of a ws 
e” Viking pump its capacity is increased correspondingly. Upwards of $300 to $400 can . 
be saved on some pumping applications. @ Entirely new, modern foundry facilities and 
e manufacturing processes enable the complete line of Viking alloy pumps to meet more exact Write Dept. P-1259 tor new indium bulletins 
* - a j 
° ing requirements than ever before and at higher speeds. » |f your specifications call i se : 
"eo, for stainless steel or other alloy pumps, see how you, too, can save on the new INDALLOY” Intermediate Solders 


. 
line of full Viking alloy pumps e 
wee, Also Steel Monel be Set iron, Other Alloys ae THE I N G 1 U M 
7 fe. ee For Complete information, Write For Catalog ™X - eeee”” 
eet TT TTT TTT TTT TTT TT Ln CORPORATION OF AMERICA 
VIKING PUMP COMPANY 1676 Lincoln Avenue @ Utica, New York 
Cedar Falls, lowa, U.S.A. in Canada, it's ‘‘ROTO-KING'’ Pumps Since 1934 p / oO N i’ E R Ss — = 


See Our Catalog In Sweet's Product Design File Development and Applications of Indium for Industry 
CIRCLE 206 ON READER SERVICE CARD CIRCLE 207 ON READER SERVICE CARD 

















= 


... No nuts-can be better it 
thanthe «¢« 
‘2 
Standards, “SS 
‘ set for. . 
manufacture 








NATIONAL MACHINE PRODUCTS COMPANY 





in SPS compony 44250 UTICA ROAD UTICA MICHIGAN 


DESIGN LITERATURE 


itinued 


rIMING-BELT DRIVE 
pp Pre 


21103 
iving min of 
of drive to fit 
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Circle 359 on Reader Service Card 
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DEVICES—Bulletin 
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With photos and line drawings 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—-execu 
tive, Management, selling, office, skilled, manual, etc 


NATIONAY”? 
COVERAGE 


technical, 


Positions Vacant 
Positions Wanted 


Employment Agencies 
Employment Services 
Labor Bureaus 


Civil Service Opportunities 
Selling Opportunities Wanted 
Part Time Work Selling Opportunities Offered 
DISPLAYED ———RATES——— UNDISPLAYED 
The advertising rate is $37.00 per inch for all adver- $2.10 per tine, minimum 3 lines. To figure advance 
tising appearing on other than «a contract basis. payment count 5 average words as a line. 
Frequency rates quoted on request 


An advertising inch is measured %” vertically on a 
e@lumn—3 oolumns—30 inches to @ page. 


Position Wanted Ads are % of above rate. 

Box Numbers—counts as | line 

Discount of 10% if full payment is made in advance 
for 4 consecutive insertions 

Subject to Agency Commission Not subject to Agency Commission 

Send NEW ADS to Classified Advertising Div. of PRODUCT ENGINEERING, P.O. Box 12, N.Y. 36, N.Y 








SUUUEREGGREEEEEGEEEOGEREEEOGEEOEOREUEEGEENE 


ENGINEERING MANAGER — ApyanceD DEVELOPMENT 


SALARY $15,000-$20,000 SfNNUNNUUNUENOEEEAEQECURUEECEECEECERGEEGOEOUECERCCEOOEOOROEROOEETRS 


We have a top opportunity for a highly creative individual with a strong record of 
accomplishment. The man we choose must be prepared to assume maximum responsibility 
He will be engaged in the planning, organization and operation of an advanced develop 
ment department for a large metal fabricating company 

THIS DEPARTMENT WILL BE LOCATED IN A 

DESIRABLE AREA OF LOWER CONNECTICUT. 
We prefer a mechanical engineer with a background in mechanisms and dynamics 
speed automatic machinery, and electro-mechanical devices 


high 


mplet 1) udir equirements in nfidence t 


Box P.E. 1848, 125 W. 4ist St, NYC 
FEPERGUEEEDEUAOGEDERRGDERELEREEREGUGOGUREEREREOEGGUEEEREERODGOGUDOREEEREGGEOGOEEEERREESOROEREREEEEDORGRE EEE 





FOR INFORMATION 


ABOUT CLASSIFIED 
ADVERTISING 


Contact The McGraw-Hill 
Office Nearest You 


ATLANTA, 3 F 
1301 Rhodes-Hoverty Bidg. JAckson 3-695! 
M. MILLER 
BOSTON, 16 
350 Park Squore 
M. J. HOSMER 


ANNOUNCING 


HUbbord 2-7160 


CHICAGO, 11 
520 No. Michigan Ave. MOhowk 4-5800 
W. J. HIGGENS 
CLEVELAND, 13 
1164 Illuminating Bidg SUperior 
W. B. SULLIVAN 


1-7000 


DALLAS, 2 
1712 Commerce St., Vaughan Bid 
Riverside 7-5117 
J. GRANT 
DENVER, 2 
1700 Broadway, Tower Bldg. Alpine 5-298! 
J. PATTEN 


DETROIT, 26 
856 Penobscot Bidg 
HOUSTON, 25 
Prudential Bidg., Room W-724, Holcombe Blvd 
GENE HOLLAND 


LOS ANGELES, 17 
1125 W. 6 St 


WOodward 2-1793 


HUntley 2-5450 
WwW. C. GRIES 
NEW YORK, 36 
500 Fifth Ave. OXford 5-5959 
H. T, BUCHANAN - R. P. LAWLESS 
T. W. BENDER 
PHILADELPHIA, 3 
Six Penn Center Plaza LOcust 8-4330 
H. W. BOZARTH - H. NICHOLSON 
PITTSBURGH, 22 
4 Gateway Center 


PIERCE 
ST. LOUIS, 8 
3615 Olive St. 
SAN PRANCISCO, 4 
68 Post St. 


EXpress 1.1314 


JEfferson 5-4867 


DOugles 
S$. HUBBARD 


2-4600 








CLEVITE'S «lra-modern 


SEMICONDUCTOR PLANT 


on 


FABULOUS “ELECTRONICS HIGHWAY” 


Route 128 


MECHANICAL ENGINEERS 
MACHINE DESIGNERS 


BENEFITS: @ Top Salaries @ Blue 
Cross-Blue Shield @ Tuition Reim- 
bursement @ Paid Accident and 
Health Insurance @ Pension Plan 
@ Paid Vacations 


CITIZENSHIP NOT REQUIRED 


CALL COLLECT or send resume 
to Engineering Placement Director 


CLEVITE 


TRANSISTOR 


Waltham 54, Mass 


TWinbrock 4-9330 








Your Inquiries to Advertisers Will Have Special Value 


—for you—the advertiser—and the publisher 


tisers value highly this evidence of the publication you read. 


Adver- 


Satisfied advertisers 


if you mention this publication 


enable the publisher to secure more advertisers and—more advertisers meon more 


information on more products or better service—more value 


to YOU 














NEW INDICATING 
TEMPERATURE CONTROL 
Range Limits 100 to +600°F 











New 
Design 
gives 
maximum accuracy at low cost! 


The UE Type E65N control is offered in basic skeleton 
form so that it may be easily incorporated, or designed 
into equipment, without the need and expense of an en- 
closure. Enclosures, however, are available upon speci- 
fication. Setting and indication are clearly visible on a 
single scale allowing easy reference between the set- 
ting and controlling temperatures. Ideal for incubators, 
centrifuges, oxygen tents, sterilizers, and other appli- 
cations where it is necessary to control and indicate 
temperature of gases, liquids and hot plates. 





Temperature Ranges A wide variety of scales between 


100 & +600 °F 
Standard 4 capillary with several 
bulb styles and sizes 





Thermal Assemblies 





Operation Liquid filled bellows assembly ex 
pands or contracts with heating 
or cooling thus actuating a snap- 
acting electrical switch at desired 
control point 

15 amps 115/230 volts AC. DC 
and other special switches avail- 
able 





Switch Ratings 





Switch Actions Normally closed; normally open; 
and double throw, no neutral 


position 





Electrical Connections 


Lead wires attached to terminal 


on switch 





Size & Weight 
Variations 


1 Ib; scale plate 41" wide 





Design variations available on re- 
guest 








UNITED ELECTRIC manufactures a complete line of tem- 
perature, pressure and vacuum controls. For applica- 
tion requiring custom-built units or modified standard 
units, call upon a UE application engineer for recom- 
mendations. Request Type E6SN Design Catalog Sheet 
for complete specification and pricing data and for 
information regarding other United Electric tempera- 


ture controls. 
ae 


WS 





United Electric Contrals 


Com FAN Y 
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MAYLINE 





MAYLINE 





For the 
Complete 


PARALLEL RULING STRAIGHTEDGE 


Drafting 


Room 


Whether you require straight 
edges, drawing boards or kits 
or any type of drafting table 
Mayline has a product to meet 
that need 





Your local 


INIAYW 


dealer can show 
and tell you all about those 


products 





|| MAYLINE CO., Inc. 


607 NO. COMMERCE ST. 


SHEBOYGAN, WISCONSIN 


STANDARD TABLE 








MAYLINE 
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ARTICLE REPRINTS 


the added to 


repront list, shown on page 91, copies of the 


In addition to recent titles our 


fol 
lowing earlier titles are still available. 


R47—-FASTENING GEARS TO SHAFTS 
Roundup of 15 practical methods 


R45—COMBINED LOADS ON BEAMS 
Faster method of stress analysis. . 


R41—DESIGN BY DIGITAL COMPUTER 
How to choose and use desk-size 


R40—DESIGNING FOUR-BAR LINKAGES 
Five methods for straight-line motion 


R38—DESIGN OF CIRCULAR-ARC CAMS 


Math avoids graphical methods 25¢ 


R36—NON-CIRCULAR GEARS 
Design guide for practical types 25¢ 

R33-——-WET-CELL BATTERIES FOR POWER 
Five common types appraised 


R30—DIMENSIONAL ANALYSIS IN 10 
New procedure for a classical method 


25¢ 
STEPS 

2S¢ 
Each article is reprinted in full with all original 
charts, tables and data. 
tance to 


Send order with remit- 
Reader Service Dept. 


PRODUCT ENGINEERING 
330 W. 42 St., New York 36 
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DESIGN LITERATURE continued 
mission, and cutaway drawings illustrating 
operating principle. Vickers Inc, Electric 
Products Div, St Louis 3 

Circle 363 on Reader Service Card 


MINIATURE EXTENDED INNER 
RING BALLBEARINGS—Data _ sheet 
6007, 2 pp. Gives dimensional and per 
formance specifications for miniature ex 
manufactured 
to precision tolerances of ABEC class 5 
ind better. Miniature Precision Bearings 
Inc, Precision Park, Keene, NH 

Circle 364 on Reader Service Card 


tended inner ring bearings 


LOW-PRESSURE CARTRIDGE RI 
LIEF VALVE—Data sheets, 3 pp. Fea 
ture pressure 
specihcation 
Regulators Cor; 
lle, Oh 
Circle 365 on Reader Service Card 


NYLON HOSE FITTINGS, ASSEM 
BLIES—Bulletin, 4 pp. Contain t 
for nylon pressure hos 

m reusable fittings. P 

Penn, 2140 Fairmont A Reading 


Circle 366 on Reader Service Card 


STEEL, CAST IRON COLLARS—B 
letin 2638 + pp Specification la r 
» to 4 n. bore dia 
veral typical uses 
Box 545 Jenkint 
Circle 367 on Reader Service Card 





OY THE 


The above stamp was released August 
28, 1960, coinciding with the opening of 
the first World Congress ever held in 
the United States by the International 
Society for the Welfare of Cripples 


Reprints currently available without charge 
ire listed on the Reader Service Card 
bound in this issue. Single copy free; 
juantity prices on request 

he following special reports are availa 

as long as the supply lasts, from Reader 
Service Dept., Product Engineering, 330 
W 42 St, New York 3 Please enclose 
remittance with order; we pay postag 
R48—Reinforced Plastic Parts 
Combined reprint of 11 articles 
d 


lesign data on the seven processes for 


64 p $? 


niving 


mmmercial parts 


R66—The European Engineer Talks 
Che challenge to American proficiency in 
lesign for production; disclosed by inter 
ws with technical directors in six coun 
24 Pp 
R16—Plate Cam Design 
Series of 7 articles with 
data; curve blending and profil 
reduce inertia. 48 p 
R65—Reading, Writing, Reporting 
Combined reprint of > step 
ding; 8 steps to better writing 
to better reporting + p 
R-46—Manual of Reliability 
How to design for liabilit 
statistica 


R22—Engineering Organization 


Stud) of 5 y } 


ght on by product plam 


R21—Engineer’s Bookshelf 
Annotated brbliography of t 
for the d Sign engimect 4 D 
R-24—Electrical Connections 
Comparison of all method 
R-64—Bonded Solid Lubricants 


Data on new high heat type " 


R63—Hydraulic Couplings for Geared 
Drives 
How to soften shock and cut 


R62—High-Speed Photography 


How it can solve design problem 


R61—Angular Errors in Gearing 


Equations predict seven effects 


R60—Journal Bearing Design 
New eguatrons and design charts 


R58—How to Avoid Hose Failure 
For metal ho ill know " 
R57—Miniature Lamps 


( ompromuses fa 1: what t 


R56—Buckling of Coil Springs 
How to predict 
R53—Significance of Wk 
Selecting motors for high in 
R51—Solder Fluxes 

Sclection guid 





SPRAYED-ON 


ELEMENTS 


Electrofilm’s sprayed on — film type 
heating elements are especially de- 
signed for hard to heat contour sur- 
faces. The element can. be applied 
directly to the part or to de- 
tachable components 


© LIGHT WEIGHT 
07 Ibs./sq. ft. 


® THIN 
011” to .015” (approx.) 


@ ENVIRONMENT 
Meets mil E-5272-A: Spec. 


eye 


ie > . 
e & 


aa 


— 
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©. BOX 106, NORTH H 
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ALL-POSITION 


CHECK VALVE 


For steam, hot 
or cold water, 
oil, gas, and 
compounds. 


Designed for rugged service. Also 

available with Buna rubber poppets for 

use with air or cold water. Sensitive in 

operation. Work in any position. Made 

in seven sizes, 200 lbs. pressure. We 
will design special Check 
Valves; tell us your 
needs. Write for Bulle- 
tin 201 and prices. 


STRATAFLO PRODUCTS, INC. 


FORT WAYNE N ANA 
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Proven, Dependable, Rear-Projection Type ) 
Wie NE DIGITAL 
DISPLAYS 
A Model and Size for 


Your Every Requirement 


Series 80000 





PRICES 
Series 10000 


1%” wide 
258” high 
5%” long 
$18.00 each 


Series 80000 
3%” wide 


Series 10000 
Series 120000 
OUTSTANDING FEATURES 


© All digits displayed on 
front viewing screen 


© All digits uniform in size 
and intensity 


© High-contrast viewing screen 
© Digit style of your choice 
© Colored digits of your choice 


@ Individual units may be 
group assembled for panel 
mounting 

WRITE TODAY FOR 
COMPLETE SPECIFICATIONS 
Representatives in principal cities 


INDUSTRIAL ELECTRONIC ENGINEERS, Inc 


elle 

















™ 








INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 








Adhesives 22-23 
Aluminum Coated Sheet & Strip (see 
Steel, Coated) 
Assemblies 
Structural 


Bars 
Metal 
Bearings 
Ball 
Roller 
Belts, V 
Brakes 
Hydraulic 
Brazing 
Alloys 


Carbon 
Casters 
Castings 
Ceramics 
Chains 
Roller 
Chemical Treatments 
Clad Metals 
Coatings 
Computers 
Control! Panels & Switchboards 
Controls 
Electrical 
Cylinders 
Hydraulic 
Pneumatic 


Drafting 
Supplies 


Electrochemical Finishes & Treat 
ments ** . . 

Engineering Services (see also Pro- 
duction Services) 28, 


Fastening Methods 
Fibre ...... 
Filters 

Hydraulic 
Flexible Couplings 
Furniture, Engrg. Dept 


Gaskets 
Gears 
Graphite 


H 


Heating Units 
High Temperature Alloys 
Hose & Tubing 


WORE DETAILED INFORMATION 
READER SERVICE CARD 


Indium 


Magnets 
Metal Powder 
Moldings 
Rubber (see Rubber Parts) 
Motors, A-C 
Fractional 
Integral 
Motors, Air 
Motors, D-C 
Fractional 
Integral 


Packings 

Photographic Equipment 
Film 

Plastics 

Powdered Metal Parts 

Production Machines & Processes 

Production Services (see also Engi 
neering Services) 28 

Pumps 
Liquid 


22-23, 30 


22-23, 72, 82 
3x0 


79, $1, 


Resins 

Rings 

Rubber 
Rubber Parts 


Scaies 
Screws 
Shapes, Roll Formed 
Sheets 
Metal 
Silver Alloys 
Specialty Fasteners (Pipe Hangers, 
Special Cold Headed Parts, etc.) 
Steel 
Coated 


2, 
Stainless 18.19, 


Valves 
Hydraulic 


Wire Cloth 


Zine Coated Sheets 7 
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INDEX TO 
ADVERTISERS 


This inder is publish . nrenionce to the r 
PRODUCT ENGINEERING assumes 


Albion Industries, inc 
Allegheny Ludium Stee! Corp 
Allied Research Products, inc 
American Viscose Corp 

Armco Steel Corp 


Bellows-Vaivair Divs., 


International 
Basic Economy Corp 


du Pont de Nemours & Co., (inc.), 
E. |. Elastomers Dept 33-36 


Eastman Kodak Co., Recordak-Corp., 
Subs. 69 

Electrofilm, inc 91 

Emerson Electric Mfg. Co 4th Cover 


Fafnir Bearing Co 38 

Fairbanks, Morse & Co., Scale Div 64 

Fairchild Engine & Airplane Corp., 
Fairchild lastics Branch 72 


Gates Rubber Co 80 
Gleason Works 73 
Grace & Co., W. R., Polymer Chem 
icals Div 82-83 


Handy & Harman 20 
Hanna Engineering Works 40 
Holo-Krome Screw Corp 26-27 


|. B. M., Data Processing Div 87 
Indium Corp. of America R8 
industrial Electronic Engineers, inc 92 


Johns-Manville 


Corp., 
Gasxets Div 


Packings 


Link-Beit Co 
Lovejoy Flexible Coupling Cc 


Malleable Castings 
Mayline Co., Inc 


Council 


National Machine Products Div 
Standard Pressed Stee! Co 8s 

National Seal Div., Federa!-Mogu! 
Bower Bearings, in« 3rd Cover 

Newark Wire loth Co 29 


Ohio Rubber Co 


Parkersburg Rig & Reel C« 
Parkersburg-Aetna Corp 
Perkins Machine & Gear Co 


Racine Hydraulics & Machinery, 
Inc 79 

Raybestos-Manhattan, inc 22 
Manhattan Rubber Div 
Packing Div 
Adhesives Div 

Robbins & Myers, inc 

Rosaen Co. 

Russell, Burdsali & Ward Bolt & Nut 
Co. 


Steward Mfg. Co., D. M 
Stratafio Products, Inc 


Technic, Inc 


Torrington Co., Bearing Div 


Unistrut Products Co., Rotocon Div 32 
United Electric Controls Co 90 
U. S. Graphite Co., Div. of the 
Wickes Corp 30-31 
United States Steel Corp 18-19 
U. S&S. Testing Co., Inc 68 


eaders. Beery care is taken to make it accurate but 


responsibilities for errors of omiasions 


Viking Pump Co 


Watiow Electric Mfg. Co 

Weirton Steel Co., Div., 
Steel Corp. 

Worthington Corp. 


National 


2nd Cover 





LLOYD R. 
manager 

P. F. PRITCHARD manager, market develop- 
ment 

THOMAS R COASH circulation 

RUSSELL T DOUGLAS business manager 


LAWRENCE advertising sales 
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ATLANTA 3. Ray K. Burnet, 1301 
Rhodes-Haverty Bldg, Jackson 3-6951 
BOSTON 16... M. A. Williamson, Jr., 
350 Park Square Bldg, Hubbard 2-7160 
CHICAGO 11... . Mid-Western Adv Sales 
Manager, A. E. Meanor; R. W. Bruley. 
L. Anderson, 520 N Michigan Ave, 

Mohawk 4-5800 

CLEVELAND 13 ...A. F. Tischer, 1164 
Illuminating Bldg, 55 Public Sq, 
Superior 1-7000 

DALLAS 1. . . John Grant, 901 Vaughn 
Bldg, 1712 Commerce St, Riverside 
7-5117 

DENVER 2... John W. Patten, Tower 
Bldg, 1700 Broadway, Alpine 5-298! 

DETROIT 26 P. B. Robinson, 856 
Penobscot Bldg, Woodward 2-1793 

HOUSTON 25 . . . Gene Holland, W-724 
Prudential Bldg., Jackson 6-1281 

LOS ANGELES 17 . . . Robert Obenour, 
1125 West 6th St, Huntley 2-5450 

NEW YORK 36. . B. K. Adams, F. J 
McKinley, 500 Fifth Ave, Oxford 5-5959 

PHILADELPHIA 3 John B. Lewis, 6 
Penn Center Plaza, Locust 8-4330 
8-4330 

PITTSBURGH 22 C. F. Leveroni, 4 
Gateway Center, Express 1-1314 

ST LOUIS 8... R. W. Bruley, 3675 Olive 
St, Continental Bldg, Jefferson 5-4867 

SAN FRANCISCO 4... W. C. Woolston, 
68 Post St, Douglas 2-4600 
SUBSCRIPTIONS, Send subscription o dence 
and change to 
York 36. NY. Subscribers’ shoul 


Manager 
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an address 
sine. Since 
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engaged in the des 
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connection must be indicated on subscription 
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Bond, President; Shelton . allace F. Treendly, 
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STEWARD'S 
MAGNET 
FAMILY 


High Energy Product 


r-900 


ORIENTED 
CERAMIC 
PERMANENT 
MAGNET 


BH—3.5 x 10® G.Oe 
Hc=—2000 Oe Br=3900 G 


APPLICATIONS: 


LOUDSPEAKER MAGNETS 
MAGNETIC SEPARATORS AND 
OTHERS REQUIRING HIGH BH 

PRODUCT AND COERCIVITY 

Look to D. M. Steward Manufacturing 
Company for all of your Ceramic 
Magnet requirements. 


Write for F-500 brochure to: 
D. M. STEWARD MFG. CO. 


3640 JERROME AVENUE 
CIHATTANOOGA, TENNESSEE 


CIRCLE 93 ON READER SERVICE CARD 93 





























Se ae = 
“CUSTOMEERED 























‘A 





Wide range of parts includes (top, left to right): valve stem deflector, condenser seal, (bottom) seal piston rod 


packing, universal joint secl, and oil seal. These vary in dimensions up to |'/2 


in diameter and 1” in thickness 


NEW! Precision rubber parts continuously 
molded in high volume... at 


Precise tolerances within +0.003 in 
are now possible in large volume 
production of custom-molded rubber 
component parts. Ohio Rubber’s new 
high-speed, continuous molding process 
produces such parts at rates of up to 
200,000 pieces per day. 


Greater precision, which results in 
important savings on finishing costs, is 
assured through use of single-cavity, 
self-registering molds. They permit 
accurate, uniform application of pres- 
sure to minimize flash—maintain con- 
sistent sibsinnees for all dimensions 
Uniform material thickness is equally 
assured by a plasticizing mill, which as 
an integrated part of the process directs 
uniform charges to each mold 

Direct feeding, from the mill to the 


mold wheel, eliminates the conventional 
intermediate extrusion step and further 
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insures part uniformity and quality 
The con- 
tinuous process permits precise control 
of time and temperature for each part 


consistent with specifications. 


Large volume production results in 
substantial cost savings for small, 
precision parts requiring tolerances 
obtainable by other precision molding 

For parts formed by less 
conventional methods, per- 


processes 
precise, 
formance can be improved through 
greater accuracy—and without prohibi- 
tive increase in cost. 

Quantity requirements involving 
500,000 or more parts annually are 


lower cost 


recommended for most advantageous 
use of the new process. Since two simi 
lar parts of different size can be pro- 
duced simultaneously by alternating 
the molds on the molding wheel, lower 
production runs which might not be 
economical can be combined with a 
separate order. 


Complete information on this revo- 
lutionary new process is available in 
bulletin form. Send for your free copy 
today. At the same time, be sure to 
inquire about Ohio Rubber’s complete 
component “Customeering” 
molding, extruding, and bonding-to- 
metal. Just mention ORCO Bulletin 715 

DE-260 


Service - 


THE On1o RuseseR COMPANY 


cenerat otficee WW LLOUGH BY, CHI « wiitersi2-050 


A DIVISION OF THE EAGLE 


PICHER COMPANY 
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PERSONAL READER SERVICE 


USE ATTACHED CARDS - » « Data on Materials and Components 
FOR PERSONAL COPIES ee 
OF ADDITIONAL | : 7 . Brochures on Advertised Products 


. Personal Suscriptions to 


PRODUCT DESIGN DATA PRODUCT ENGINEERING 








FIRST CLASS 
PERMIT No. 64 


Valuable new data on product NEW YORK, N 





design engineering — readily 


available to you — FREE. . BUSINESS REPLY MAIL 


Just cirele the numbers on the © Postage Stamp Necessary If Mailed in the United $ 











request cards that are identical 


with the numbers printed under Postage Will Be Paid By Reader Service Department 
each Advertisement, New Product 


and Bulletin throughout this issue. PRODUCT ENGINEERING 


Reprint numbers are prefaced 330 WEST 42nd STREET 
with the letter “P”. One free 
reprint is available for each article NEW YORK 36, N. Y. 


offered. 





ssue of September 5 %e 
PRODUCT 
Svea~mve Srirve 


Card expires November 4 9° 





to be sure that you get your per- 





sonal copy of the Design Digest 
issue mailed in mid-September. 
N. 





BUSINESS REPLY MAIL 


io Pestege Stamp Necessery if Mailed in the United Stotes 





This comes as part of every regu- 





lar subscription (U.S.A.)_ at 
$3.00 per year. Postage Will Be Paid By Reader Service Department 


This single popular issue will 


. PRODUCT ENGINEERING 
contain more than 600 pages of 
basic design information . . . or- 330 WEST 42nd STREET 
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NATIONAL BUD UNITIZED 


TRADE MARK 





es, if desired, are available to 
mplify positioning and removal 


National BUD UNITIZED has integral wear ring press 
rubber surface to shaft. Wear ring turns with shaft 
:) > — 


sealing lip is never exposed to damage, canr 


A new unitized oil-seal-and-wear ring that eliminates: 


SHAFT WEAR OR SCORING 


SEPARATE METAL WEAR SLEEVES 


EXPENSIVE SHAFT FINISHES 


COSTLY SHAFT RE-MACHINING 


SEALING LIP INSTALLATION DAMAGE 


SPECIAL INSTALLATION PROCEDURES 


New National BUD UNITIZED seals are now in pro- 
duction, in a limited range of sizes, for heavy oil and 
grease sealing applications — including truck, bus 
and tractor uses. Still newer BUD UNITIZED seals are 
on the way for higher speed automotive and similar 
uses. 

Changing a National BUD UNITIZED oil seal auto- 
matically changes the wear sleeve — in one fast, sim- 
ple operation. Since the seal has its own integral 


wear ring, it is almost impossible to install it other 
than squarely on the shaft. Expensive shaft finishing 
is no longer a necessity, nor is leakage under a metal 
wear ring a problem — both thanks to the rubber sur- 
face BUD UNITIZED presents to the shaft. 

For complete details or skilled engineering help on 
application of BUD UNITIZED seals, write direct, or 
call your National Seal Applications Engineer. You'll 
find him in the Yellow Pages, under Oil Seals. 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio, Redwood City 


and Downey, California 
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TWO-BEARING DESIGN makes THESE 
EMERSON ELECTRIC MOTORS 


Ideal for Refrigeration 
fan applications 


Here's a two-bearing motor uniquely suited for refrigeration 
fan applications. It operates in any position with a min 
imum of bearing load, vibration and friction. It starts easily 
at low temperatures because of EMERSON ELECTRIC'S 
self-oiling, self-aligning bearings that act as soft metal 
sponges and remove oil from the shaft journal as the motor 
cools. It lubricates without felt wick or shaft groove and 
requires less than one-third the oil needed in solid sleeve 
designs; yet, its oil storage capacity is equivalent to 60° 

e than most other refrigerator fan motors. The self-align 
ing feature completely eliminates tight shaft problems 
EMERSON ELECTRIC will custom-engineer motors to 
meet your specific needs. Call us today you'll like our 
way of doing business! 


TEMERSON ELECTRIC of St.Louis + Since 185 
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